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(54) THIN-FILM MAGNETIC HEAD AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To permit the reduction of 
a magnetic path length and to prevent the generation of 
the gaps in insulating layers for insulating the windings of 
thin-film coils from each other. 

SOLUTION: A recording head has a lower magnetic pole 
layer 8, an upper magnetic pole layer 13, a magnetic gap 
layer 12 disposed between the respective magnetic pole 
portions of the magnetic pole layers 8 and 13 and the 
thin-film coils 10 disposed between the magnetic pole 
layers 8 and 13. The lower magnetic pole layer 8 has a • 
first portion 8a arranged to face the thin-film coils 10 and 
a second portion 8b which is connected to the surface on 
the thin-film coil 10 side in the first portion 8a and forms 
the magnetic pole portion. The thin-film coil 10 is 
arranged alongside the second portion 8b. The insulating layers 11 for insulating the windings 
of the thin-film coils 10 from each other has the first insulating film 1 1 which consists of, for 
example, a photoresist and is arranged to fill the spacings between the windings in contact 
with the insulating film 9 and a second insulating film 1 1b which consists of an inorganic 
insulating material and is arranged to cover the first insulating film 11a. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS " _ 

[Claim(s)] 

[Claim 1] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic 
pole part which counters mutually the medium opposed face side which each other is connected 
magnetically and counters a record medium, respectively, At least the gap layer prepared between the 
magnetic pole part of said 1st magnetic layer and the magnetic pole part of said 2nd magnetic layer and 
a part between said 1st and 2nd magnetic layers It is the thin film magnetic head equipped with the thin 
film coil prepared in the condition of having insulated to said 1st and 2nd magnetic layers. One [ at 
least ] magnetic layer The 1st part arranged in the location which counters said some of thin film coils 
[ at least ], Connect with the field by the side of said thin film coil in said 1st part, and it has the 2nd part 
which forms a magnetic pole part. Said some of thin film coils [ at least ] are arranged in the side of said 
2nd part. The thin film magnetic head It has an insulating layer for insulating between the coils in said 
some of thin film coils [ at least ]. Furthermore, said insulating layer The layer which consists of an 
insulating material which has a fluidity at the time of formation, and serves as some [ at least ] substrates 
of said thin film coil at it is touched. The 1 st insulator layer arranged so that a part of each space [ at 
least ] between the coils in said some of thin film coils [ at least ] and between said at least 2nd part and 
parts of said thin film coil may be filled, The thin film magnetic head characterized by having the 2nd 
insulator layer arranged so that it may consist of an inorganic insulating material and said 1st insulator 
layer may be covered. 

[Claim 2] Said 1st insulator layer is the thin film magnetic head according to claim 1 characterized by 
consisting of an organic insulating material. 

[Claim 3] Said 1st insulator layer is the thin film magnetic head according to claim 1 characterized by 
being the spin-on glass film. 

[Claim 4] For said 1st insulator layer in said 2nd insulator layer, the field of the opposite side is the thin 
film magnetic head according to claim 1 to 3 characterized by carrying out flattening. 
[Claim 5] Said 1st insulator layer is the thin film magnetic head according to claim 1 to 4 characterized 
by being arranged so that said some of thin film coils [ at least ] may be covered. 

[Claim 6] Said 1st insulator layer is the thin film magnetic head according to claim 1 to 4 characterized 
by being arranged so that said a part of each space may be filled. 

[Claim 7] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic 
pole part which counters mutually the medium opposed face side which each other is connected 
magnetically and counters a record medium, respectively, At least the gap layer prepared between the 
magnetic pole part of said 1st magnetic layer and the magnetic pole part of said 2nd magnetic layer and 
a part between said 1st and 2nd magnetic layers The process which is the manufacture approach of the 
thin film magnetic head equipped with the thin film coil prepared in the condition of having insulated to 
said 1st and 2nd magnetic layers, and forms said 1st magnetic layer, At least the process which forms 
said gap layer on said 1st magnetic layer, the process which forms said 2nd magnetic layer on said gap 
layer, and a part between said 1st and 2nd magnetic layers The process which forms one [ at least ] 
magnetic layer including the process which forms said thin film coil so that it may be arranged in the 
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condition of having insulated to these 1st and 2nd magnetic layers The 1st part arranged in the location 
which counters said some of thin film coils [ at least ], The process which is connected to the field by 
the side of said thin film coil in said 1st part, forms the 2nd part which forms a magnetic pole part, and 
forms said thin film coil Said some of thin film coils [ at least ] are arranged to the side of said 2nd part. 
The manufacture approach of the thin film magnetic head Furthermore, the process which forms said 
insulating layer including the process which forms the insulating layer for insulating between the coils in 
said some of thin film coils [ at least ] In the 1st insulator layer which consists of an insulating matenal 
which has a fluidity at the time of formation, the layer used as some [ at least ] substrates of said thin 
film coil is touched. The process formed so that a part of each space [ at least ] between the coils in said 
some of thin film coils [ at least ] and between said at least 2nd part and parts of said thin film coil may 
be filled The manufacture approach of the thin film magnetic head characterized by including the 
process which forms the 2nd insulator layer which consists of an inorganic insulating material so that 
said 1st insulator layer may be covered. . , , 

[Claim 8] Said 1st insulator layer is the manufacture approach of the thin film magnetic head according 
to claim 7 characterized by consisting of an organic insulating material. 

[Claim 9] Said 1st insulator layer is the manufacture approach of the thin film magnetic head according 
to claim 7 characterized by being the spin-on glass film. . 
rClaim 10] Furthermore, the manufacture approach of the thin film magnetic head according to claim 7 
to 9 characterized by including the process which carries out flattening of the field of the opposite side 
to said 1st insulator layer in said 2nd insulator layer. 

rClaim 1 11 The process which forms said 1st insulator layer is the manufacture approach of the thin film 
magnetic head according to claim 7 to 10 characterized by forming the 1st insulator layer so that said 
some of thin film coils [at least] may be covered. 

rClaim 121 The process which forms said 1st insulator layer is the manufacture approach of the thin tilm 
magnetic head according to claim 7 to 10 characterized by forming the 1st insulator layer so that said a 
part of each space may be filled. 

Fciaim 13] The process which forms said 1st insulator layer is the manufacture approach of the thin film 
magnetic head according to claim 7 to 10 characterized by including the process which forms the film 
which consists of an insulating material which has a fluidity at the time of formation so that said some of 
thin film coils [ at least ] may be covered, and the process which removes with etchback said film 
located on [ some / at least ] said thin film coil. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head which has an induction 

type MAG sensing element at least, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the thin 
film magnetic head is called for with improvement in the surface recording density of a hard disk drive 
unit. The compound-die thin film magnetic head of the structure which carried out the laminating of the 
reproducing head which reads as the thin film magnetic head with the recording head which has an 
induction type MAG sensing element for writing, and has the magnetic-reluctance (it is hereafter 
described also as MR (Magnetoresistive).) component of business is used widely. 
[0003] By the way, in order to raise recording density among the engine performance of a recording 
head, it is necessary to raise the track density in a magnetic-recording medium. It is necessary to realize 
the recording head of the ** truck structure which narrowed the width of face in the air bearing side 
(medium opposed face) of that lower magnetic pole formed up and down and an up magnetic pole, i.e., 
the width of recording track, from several microns to the submicron dimension on both sides of the 
record gap layer, and for that, in order to attain this, the semi-conductor processing technique is used. 
[0004] Here, with reference to drawing 1 6 thru/or drawing 19 , an example of the manufacture approach 
of the compound-die thin film magnetic head is explained as an example of the manufacture approach of 
the conventional thin film magnetic head. In addition, in drawing 16 thru/or drawing 19 , (a) shows a 
cross section perpendicular to an air bearing side, and (b) shows the cross section parallel to the air 
bearing side of a magnetic pole part. 

[0005] By this manufacture approach, first, as shown in drawing 16 , the insulating layer 102 which 
consists of an alumina (aluminum 203) is deposited by the thickness of about about 5-10 micrometers 
on the substrate 101 which consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shielding 
layer 103 for the reproducing heads which consists of a magnetic material is formed on an insulating 
layer 102. 

[0006] Next, on the lower shielding layer 103, sputter deposition of the alumina is carried out to the 
thickness of 100-200nm, and the lower shielding gap film 104 as an insulating layer is formed. Next, the 
MR component 105 for playback is formed on the lower shielding gap film 104 at the thickness of 
dozens of nm. Next, the electrode layer 106 of the pair electrically connected to the MR component 105 
is formed on the lower shielding gap film 104. 

[0007] Next, the up shielding gap film 107 as an insulating layer is formed on the lower shielding gap 
film 104 and the MR component 105, and the MR component 105 is laid underground in the shielding 
gap film 104,107. 

[0008] Next, on the up shielding gap film 107, it consists of a magnetic matenal and the lower [ an up 
shielding layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole layer.) 108 
used to the both sides of the reproducing head and a recording head is formed at the thickness of about 3 
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micrometers. 

[0009] Next, as shown in drawing 17 , the record gap layer 109 which consists of an insulator layer, for 
example, the alumina film, is formed on the lower magnetic pole layer 108 at the thickness of 0.2 
micrometers. Next, for magnetic-path formation, the record gap layer 109 is etched partially and contact 
hole 109a is formed. Next, the up magnetic pole chip 1 10 which consists of a magnetic material for 
recording heads is formed on the record gap layer 109 in a magnetic pole part at the thickness of 0.5-1.0 
micrometers. The magnetic layer 119 which becomes coincidence from the magnetic material for 
magnetic-path formation on contact hole 109a for magnetic-path formation at this time is formed. 
[0010] Next, as shown in drawing 18 , the record gap layer 109 and the lower magnetic pole layer 108 
are etched by ion milling by using the up magnetic pole chip 1 10 as a mask. As shown in drawing 18 
(b), the structure where some each side attachment walls of an up magnetic pole part (up magnetic pole 
chip 1 10), the record gap layer 109, and the lower magnetic pole layer 108 were formed perpendicularly 
in self align is called trim (Trim) structure. 

[001 1] Next, the insulating layer 1 1 1 which consists of alumina film is formed in the whole surface at 
the thickness of about 3 micrometers. Next, it grinds and flattening of this insulating layer 1 1 1 is carried 
out until it reaches the front face of the up magnetic pole chip 1 10 and a magnetic layer 1 19. 
[0012] Next, the thin film coil 1 12 of the 1st layer for the recording heads of the induction type which 
consists of copper (Cu) is formed on the insulating layer 1 1 1 by which flattening was carried out. Next, 
a photoresist layer 1 13 is formed on an insulating layer 1 1 1 and a coil 1 12 at a predetermined pattern. 
Next, in order to make the front face of a photoresist layer 113 flat, it heat-treats at predetermined 
temperature. Next, the thin film coil 1 14 of the 2nd layer is formed on a photoresist layer 113. Next, a 
photoresist layer 1 15 is formed on a photoresist layer 1 13 and a coil 1 14 at a predetermined pattern. 
Next, in order to make the front face of a photoresist layer 1 1 5 flat, it heat-treats at predetermined 
temperature. 

[0013] Next, as shown in drawing 19 , the up magnetic pole layer 116 which consists of a magnetic 
material for recording heads, for example, a permalloy, is formed on the up magnetic pole chip 1 10, a 
photoresist layer 1 13,1 15, and a magnetic layer 1 19. Next, the overcoat layer 1 17 which consists of an 
alumina is formed on the up magnetic pole layer 116. Finally polish processing of the slider containing 
above-mentioned each class is performed, the air bearing side 1 18 of a recording head and the 
reproducing head is formed, and the thin film magnetic head is completed. 

[0014] Drawing 20 is the top view of the thin film magnetic head shown in drawing 19 . In addition, m 
this drawing, the overcoat layer 117, other insulating layers, and an insulator layer are omitted. 
[0015] In drawing 19 , TH expresses throat height and MR-H expresses MR height. In addition, throat 
height means the die length (height) from the edge by the side of an air bearing side of the part, i.e., a 
magnetic pole part, which two magnetic pole layers counter through a record gap layer to the edge of the 
opposite side. Moreover, MR height means the die length (height) from the edge by the side of the air 
bearing side of MR component to the edge of the opposite side. Moreover, in drawing 19 , P2W express 
magnetic pole width of face (henceforth recording track width of face), i.e., the width of recording track 
of a recording head. There is an apex angle type (Apex Angle) as shown by theta else [, such as throat 
height and MR height, ] in drawing 19 as a factor which opts for the engine performance of the thin film 
magnetic head. This apex angle type says the include angle of the straight line which connects the corner 
of the side face by the side of the magnetic pole in the part which rose in the shape of [ in which a coil 
1 12,1 14 is covered and formed by the photoresist layer 1 13,1 15 ] a crest, and the top face of an 
insulating layer 1 1 1 to make. . 
[0016] In order to raise the engine performance of the thin film magnetic head, it is important to iorm 
correctly the throat height TH as shown in drawing 19 , MR height MR-H, the apex angle type theta, 
and recording track width-of-face P2W. 
[0017] 

[Problem(s) to be Solved by the Invention] In the above compound-die thin film magnetic heads, in 
order to enable high density record, in the reproducing head, the formation of a ** truck and high 
playback output-ization are called for, and ** truck-ization is called for also in the recording head. 
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Moreover, in the recording head, since it corresponds to high-frequency-ization of recording 
information, improvement in a RF property is also called for. In order to improve the high frequency 
property of a recording head, it is known that it is good to shorten the magnetic-path length (Yoke 
Length) which is the die length from the edge by the side of the air bearing side of the magnetic path 
formed of a magnetic layer to the edge of the opposite side. 

[0018] As one approach for shortening magnetic-path length, it is possible to make the pitch of the coil 
of a coil small. Here, while attaining 30-50 gigabits / (inch) two or more recording density, to [ which 
will realize the thin film magnetic head in which good record actuation is possible in a high-frequency 
region 300-500MHz or more ] carry out, it is necessary to set magnetic-path length to 20-10 
micrometers or less. In order to realize such magnetic-path length, it is necessary to make the pitch of 
the coil of a coil into 2.0-1 .0 micrometers or a value smaller than it, for example, 0.6 micrometers. When 
the pitch of the coil of a coil is 0.6 micrometers, spacing between 0.3 micrometers and the coil of a coil 
is set to 0.3 micrometers by the width of face of the coil of a coil. 

[0019] By the way, the photoresist layer was conventionally used as an insulating layer which insulates 
between the coils of a coil. And the periphery edge of this photoresist layer had specified throat height. 
[0020] However, since a photoresist layer has a fluidity at the time of the formation, roundish [ wore ] is 
formed [ near / the / the periphery edge ]. Therefore, the distance from a throat height zero location (the 
air bearing side of a magnetic pole part is the location of the edge of the opposite side) to the periphery 
edge of a coil became large conventionally, and it had become the big factor which prevents this from 
shortening magnetic-path length. This is explained in detail. Since magnetic-path length can do the two- 
layer coil short rather than the coil of one layer, it has adopted the two-layer coil in the recording head 
for many RFs. However, by the conventional thin film magnetic head, after forming the coil of the 1st 
layer, in order to insulate between the coils of a coil, the photoresist layer is formed by the thickness of 
about 2 micrometers so that the coil of the 1st layer may be covered. Near the periphery edge of a wrap 
photoresist layer, roundish [ wore as mentioned above ] is formed in this coil of the 1st layer. Next, 
although the coil of a two-layer eye is formed for the coil of the 1st layer on a wrap photoresist layer, 
since etching of the seed layer of a coil cannot be performed but a coil short-circuits in the part which 
wore the radius of circle near the periphery edge of a photoresist layer in that case, it is necessary to 
form the coil of a two-layer eye in a flat part. 

[0021] If follow, for example, thickness of a coil is set to 2-3 micrometers, thickness of the photoresist 
layer which insulates between the coils of a coil is set to 2 micrometers and an apex angle type is made 
into 45 degrees - 55 degrees In addition to the die length of the part corresponding to a coil, as magnetic- 
path length, it is twice (3-4 micrometers also of distance from the contact section of an up magnetic pole 
layer and a lower magnetic pole layer to a coil inner circumference edge are also required.) with a 
distance of 3-4 micrometers which is the distance of a up to [ from the periphery edge of a coil ] near the 
throat height zero location. 6-8 micrometers is required. Die length other than the part corresponding to 
this coil had become the factor which bars contraction of magnetic-path length. 

[0022] Here, the width of face of the coil of a coil considers the case where the 1 1 -volume coil whose 
spacing between 1.5 micrometers and the coil of a coil is 0.5 micrometers is formed by two-layer. In this 
case, as shown in drawing 19 , when it makes the 1st layer into six volumes and a two-layer eye is made 
into five volumes, the die length of the part corresponding to the coil 1 12 of the 1st layer is 1 1 .5 
micrometers among magnetic-path length. Die length of a total of six -8 micrometers is needed for 
magnetic-path length as a distance to the edge of the photoresist layer 1 13 for insulating the coil 1 12 of 
the 1st layer from the periphery edge and inner circumference edge of a coil 1 12 of the 1st layer. 
Therefore, magnetic-path length is set to 17.5-19.5 micrometers. In addition, as the sign L0 showed 
magnetic-path length in drawing 19 , the die length of the part except the magnetic pole part of the 
magnetic pole layers and a contact part expresses with this application. Thus, conventionally, 
contraction of magnetic-path length is difficult and this had barred the improvement of a RF property. 
[0023] Moreover, when a photoresist layer is used as an insulating layer which insulates between the 
coils of a coil, there are also a trouble of being easy to transform a photoresist layer according to secular 
change, and a trouble that a photoresist layer expands with the heat generated around a coil while using 
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the thin film magnetic head, and a magnetic pole part projects in a record-medium side. 
[0024] Then, it is possible to use the insulating layer which consists of inorganic insulating materials [ a 
resin system'insulating material (organic insulating material) like a photoresist ], such as an alumina, a 
silicon oxide, etc. harder than a resin system insulating material instead of, as an insulating layer which 
insulates between the coils of a coil. 

[0025] however -- for example, in forming the insulating layer which consists of an inorganic insulating 
material in the space between the coils of a coil with which an aspect ratio serves as [ width of face ] 
near and height is served as to 2.0 micrometers or less by 0.5-1.0 micrometers or more 1, an inorganic 
insulating material cannot fully enter between the coils of a coil, but there is a trouble of being easy to 
generate the opening called a void and a keyhole to an insulating layer. If such an opening occurs in an 
insulating layer, in many washing processes which use the liquid performed after formation of a coil 
before the thin film magnetic head is completed, a penetrant remover and moisture enter in an opening, 
and this will make a coil corrode and will reduce the dependability of the thin film magnetic head. 
[0026] As shown in JP,7-31 1912,A, forming the insulating layer which insulates between the coils of a 
coil is also considered after formation of a coil there by applying the resist of the amount of extent with 
which the space between the coils of a coil is buried to the middle, and covering the space where it was 
left behind between the coils of a coil with an inorganic oxide. In this case, it becomes possible to 
prevent deformation of the insulating layer by secular change, and generating of the opening in an 
insulating layer. 

[0027] However, since roundish [ wore / near the periphery edge of the resist layer formed first / even in 

this case ] is formed, contraction of magnetic-path length has the trouble of being difficult. 

[0028] This invention was made in view of this trouble, and the purpose is to provide the insulating 

layer for insulating between the coils of a thin film coil with the thin film magnetic head which enabled 

it to prevent that an opening occurs, and its manufacture approach while enabling contraction of 

magnetic-path length. 

[0029] 

[Means for Solving the Problem] The 1st and 2nd magnetic layers which consist of at least one layer 
including the magnetic pole part which counters mutually the medium opposed face side which the thin 
film magnetic head of this invention is connected magnetically mutually, and counters a record medium, 
respectively, At least the gap layer prepared between the magnetic pole part of the 1st magnetic layer 
and the magnetic pole part of the 2nd magnetic layer and a part between the 1st and 2nd magnetic layers 
It has the thin film coil prepared in the condition of having insulated to the 1st and 2nd magnetic layers. 
One [ at least ] magnetic layer The 1st part arranged in the location which counters some thin film coils 
[ at least ], It connects with the field by the side of the thin film coil in the 1st part, and has the 2nd part 
which forms a magnetic pole part, and some thin film coils [ at least ] are arranged in the side of the 2nd 
part. The thin film magnetic head It has an insulating layer for insulating between the coils in some thin 
film coils [ at least ]. Furthermore, an insulating layer The layer which consists of an insulating material 
which has a fluidity at the time of formation, and serves as some [ at least ] substrates of a thin film coil 
at it is touched. The 1st insulator layer arranged so that a part of each space [ at least ] between the coils 
in some thin film coils [ at least ] and between the 2nd part and some thin film coils [ at least ] may be 
filled, It consists of an inorganic insulating material and has the 2nd insulator layer arranged so that the 
1st insulator layer may be covered. 

[0030] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic pole 
part which counters mutually the medium opposed face side which the manufacture approach of the thin 
film magnetic head of this invention is connected magnetically mutually, and counters a record medium, 
respectively, It is the approach of manufacturing the thin film magnetic head equipped with the gap 
layer prepared between the magnetic pole part of the 1st magnetic layer, and the magnetic pole part of 
the 2nd magnetic layer, and the thin film coil with which the part [ at least ] was prepared in the 
condition of having insulated to the 1st and 2nd magnetic layers between the 1st and 2nd magnetic 

layers. . 

[0031] The process in which the manufacture approach of the thin film magnetic head of this invention 
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forms the 1st magnetic layer, At least the process which forms a gap layer on the 1st magnetic layer, the 
process which forms the 2nd magnetic layer on a gap layer, and a part between the 1 st and 2nd magnetic 
layers The process which forms one [ at least ] magnetic layer including the process which forms a thin 
film coil so that it may be arranged in the condition of having insulated to these 1st and 2nd magnetic 
layers The 1st part arranged in the location which counters some thin film coils [ at least ], The process 
which is connected to the field by the side of the thin film coil in the 1st part, forms the 2nd part which 
forms a magnetic pole part, and forms a thin film coil Some thin film coils [ at least ] are arranged to the 
side of the 2nd part. The manufacture approach of the thin film magnetic head Furthermore, the process 
which forms an insulating layer including the process which forms the insulating layer for insulating 
between the coils in some thin film coils [ at least ] In the 1st insulator layer which consists of an 
insulating material which has a fluidity at the time of formation, the layer used as some [ at least ] 
substrates of a thin film coil is touched. The process formed so that a part of each space [ at least ] 
between the coils in some thin film coils [ at least ] and between the 2nd part and some thin film coils 
[ at least ] may be filled, and the process which forms the 2nd insulator layer which consists of an 
inorganic insulating material so that the 1st insulator layer may be covered are included. 
[0032] By the thin film magnetic head or its manufacture approach of this invention, since some thin 
film coils [ at least ] are arranged in the side of the 2nd part, it becomes possible to arrange some [ at 
least ] edges of a thin film coil near the edge of the 2nd part, and, thereby, contraction of magnetic-path 
length is attained. In this invention, moreover, the insulating layer for insulating between the coils in 
some thin film coils [ at least ] The layer which consists of an insulating material which has a fluidity at 
the time of formation, and serves as some [ at least ] substrates of a thin film coil at it is touched. It has 
the 1st insulator layer arranged so that a part of each space [ at least ] between the coils in some thin film 
coils [ at least ] and between the 2nd part and some thin film coils [ at least ] may be filled, and the 2nd 
insulator layer arranged so that it may consist of an inorganic insulating material and the 1st insulator 
layer may be covered. It is prevented that an opening occurs by this in the insulating layer which 
insulates between the coils of a thin film coil. 

[0033] In the thin film magnetic head or its manufacture approach of this invention, you may make it the 
1st insulator layer consist of an organic insulating material, and it is good also as spin-on glass film. 
[0034] Moreover, in the thin film magnetic head or its manufacture approach of this invention, flattening 
of the field of the opposite side may be carried out to the 1st insulator layer in the 2nd insulator layer. 
[0035] Moreover, in the thin film magnetic head or its manufacture approach of this invention, the 1st 
insulator layer may be formed so that some thin film coils [ at least ] may be covered, and it may be 
formed so that a part of each space may be filled. 

[0036] Moreover, in the manufacture approach of the thin film magnetic head of this invention, the 
process which forms the 1st insulator layer may include the process which forms the film which consists 
of an insulating material which has a fluidity at the time of formation so that some thin film coils [ at 
least ] may be covered, and the process which removes with etchback the film located on [ some / at 
least ] a thin film coil. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[the gestalt of the 1st operation] - with reference to drawing 1 thru/or drawing 6 , the thin film magnetic 
head concerning the gestalt of operation of the 1st of this invention and its manufacture approach are 
explained first. In addition, in drawing 1 thru/or drawing 5 , (a) shows a cross section perpendicular to 
an air bearing side, and (b) shows the cross section parallel to the air bearing side of a magnetic pole 
part. 

[0038] By the manufacture approach of the thin film magnetic head concerning the gestalt of this 
operation, first, as shown in drawing 1 , the insulating layer 2 which consists of an alumina (aluminum 
203) is deposited by the thickness of about 5 micrometers on the substrate 1 which consists of 
ARUTIKKU (aluminum 203, TiC). Next, the lower shielding layer 3 for the reproducing heads which 
consists of a magnetic material, for example, a permalloy, is formed on an insulating layer 2 at the 
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thickness of about 3 micrometers. The lower shielding layer 3 uses for example, the photoresist film as a 
mask and forms it alternatively on an insulating layer 2 by the galvanizing method. Next, although not 
illustrated it grinds until it forms in the thickness of 4-5 micrometers the insulating layer which consists 
of an alumina, for example, the lower shielding layer 3 is exposed to the whole with CMP (chemical 
machinery polish), and flattening processing of the front face is carried out. 

[0039] Next, the lower shielding gap film 4 as an insulator layer is formed on the lower shielding layer 3 
at the thickness of about 20-40nm. Next, the MR component 5 for playback is formed on the lower 
shielding gap film 4 at the thickness of dozens of ran. The MR component 5 is formed by etching 
alternatively MR film formed by the spatter. In addition, the component using the magnetosensitive film 
in which magneto-resistive effects, such as the AMR component, a GMR component, or a TMR (tunnel 
magneto-resistive effect) component, are shown can be used for the MR component 5. Next, the 
electrode layer 6 of the pair electrically connected to the MR component 5 is formed on the lower 
shielding gap film 4 at the thickness of dozens of nm. Next, the up shielding gap film 7 as an insulator 
layer is formed on the lower shielding gap film 4 and the MR component 5 at the thickness of about 20- 
40nm, and the MR component 5 is laid underground in the shielding gap film 4 and 7. As an insulating 
material used for the shielding gap film 4 and 7, there are an alumina, alumimium nitride, diamond-like 
carbon (DLC), etc. moreover, the shielding gap film 4 and 7 - a spatter ~ you may form ~ chemical 
vapor growth (CVD) ~ you may form by law. In forming the shielding gap film 4 and 7 which consists 
of alumina film with a CVD method, as an ingredient, it uses trimethylaluminum (aluminum3 (CH3)) 
and H20. If a CVD method is used, it will become it is thin, and is precise and possible to form little 
shielding gap film 4 and 7 of a pinhole. 

[0040] Next, on the up shielding gap film 7, it consists of a magnetic material and 1st partial 8a ot the 
lower [ an up shielding layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic 
pole layer.) 8 used to the both sides of the reproducing head and a recording head is alternatively formed 
by the thickness of about 1.0-2.0 micrometers. In addition, the lower magnetic pole layer 8 consists of 
this 1st partial 8a, and the 2nd partial 8b and 3rd partial 8c which are mentioned later. 1st partial 8a of 
the lower magnetic pole layer 8 is arranged in the location which counters some thin film coils [ at 
least ] mentioned later. 

[0041] Next, as shown in drawing 2 , the 2nd partial 8b of the lower magnetic pole layer 8 and 3rd 
partial 8c are formed on 1st partial 8a of the lower magnetic pole layer 8 at the thickness of about 1.5- 
2 0 micrometers. 2nd partial 8b is connected to the near (it sets to drawing and is the bottom) field in 
which the magnetic pole part of the lower magnetic pole layer 8 is formed in, and the thin film coil of 
1st partial 8a is formed. 3rd partial 8c is a part for connecting 1st partial 8a and the up magnetic pole 
layer mentioned later. As for an up magnetic pole layer and the air bearing side 30 in the part which 
counters, the location of the edge of the opposite side specifies throat height among 2nd partial 8b. 
Moreover, as for an up magnetic pole layer and the air bearing side 30 in the part which counters, the 
location of the edge of the opposite side turns into a throat height zero location among 2nd partial 8b. 
[0042] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, 
Fe -55 % of the weight) which is a high samration-magnetic-flux-density ingredient, the 2nd partial 8b of 
the lower magnetic pole layer 8 and 3rd partial 8c may be formed by the galvanizing method, and may 
be formed by the spatter using ingredients, such as FeN, FeZrN, etc. which are a high saturation- 
magnetic-flux-density ingredient. In addition, CoFe, Co system amorphous material, etc. which are a 
high saturation-magnetic-flux-density ingredient may be used. 

[0043] Next, the insulator layer 9 which consists of an alumina is formed in the whole at the thickness of 
about 0.3-0.6 micrometers. 

[0044] Next, on the insulator layer 9 in the side of 2nd partial 8b of the lower magnetic pole layer 8, 
patterning of the photoresist is carried out according to a photolithography process, and the frame which 
is not illustrated for forming a thin film coil by the frame galvanizing method is formed. Next, the thin 
film coil 10 which consists of copper (Cu) is formed on an insulator layer 9 by the frame galvanizing 
method using this frame. For example, thickness of the thin film coil 10 is set to 0.8-1.5 micrometers, 
width of face of a coil is set to 0.5-1.0 micrometers, and spacing between coils is set to 0.5-1.0 
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micrometers. Next, a frame is removed. In addition, sign 10a shows among drawing the connection for 
connecting the thin film coil 10 with the conductive layer (lead) mentioned later. 

[0045] Next, the insulator layer 9 which is a layer used as the substrate of the thin film coil 10 is touched 
in 1st insulator layer 1 la which consists of an insulating material which has a fluidity, for example by 
the photolithography at the time of formation. It forms alternatively so that each space between 2nd 
partial 8b of the lower magnetic pole layer 8 and the thin film coil 10 and between 3rd partial 8c of the 
lower magnetic pole layer 8 and the thin film coil 10 may be filled between the coils in the thin film coil 
10 and the thin film coil 10 may be covered. 1st insulator layer 1 la is good also as spin-on glass (SOG) 
film which may form by organic insulating material like a photoresist (photopolymer), and consists of 
spreading glass. 

[0046] Next, while making 1st insulator layer 1 la enter each above-mentioned space enough, in order to 
carry out flattening of the top face of 1st insulator layer 11a, UV (ultraviolet rays) cure or annealing is 
given at the temperature of heat treatment, for example, 100-200-degreeC, to 1st insulator layer 11a. 
[0047] Next, by sputtering, as shown in drawing 3 , it consists of an inorganic insulating material and 
2nd insulator layer 1 lb harder than 1st insulator layer 1 la is formed in the thickness of about 3-4 
micrometers so that 1st insulator layer 1 la may be covered. There are an alumina, a silicon oxide, etc. as 
an inorganic insulating material for forming 2nd insulator layer 1 lb. Next, for example by CMP, 
insulator layer 1 lb is ground and flattening processing of the front face is carried out until the 2nd 
partial 8b of the lower magnetic pole layer 8 and 3rd partial 8c are exposed. 

[0048] Thus, the insulating layer 1 1 for insulating between the coils in the thin film coil 10 by the 1st 
insulator layer 11a and 2nd insulator layer 1 lb is formed. 

[0049] Next, as shown in drawing 4 , the record gap layer 12 which consists of an insulating material is 
formed at the thickness of 0.15-0.20 micrometers on the 2nd partial 8b of the lower magnetic pole layer 
8 and 3rd partial 8c which were exposed, and an insulating layer 11. Generally as an insulating material 
used for the record gap layer 12, there are an alumina, alumimium nitride, a silicon oxide system 
ingredient, a silicon nitride system ingredient, diamond-like carbon (DLC), etc. Moreover, the record 
gap layer 12 may be formed by the spatter, and may be formed with a CVD method. In forming the 
record gap layer 12 which consists of alumina film with a CVD method, as an ingredient, it uses 
trimethylaluminum (aluminum3 (CH3)) and H20. If a CVD method is used, it will become it is thin, 
and is precise and possible to form few record gap layers 12 of a pinhole. 

[0050] Next, for magnetic-path formation, on 3rd partial 8c of the lower magnetic pole layer 8, the 
record gap layer 12 is etched partially and a contact hole is formed. Moreover, in the part on connection 
10a of the thin film coil 10, the record gap layer 12 and an insulating layer 1 1 are etched partially, and a 
contact hole is formed. 

[0051] Next, while applying to the part on 3rd partial 8c of the lower magnetic pole layer 8 from the air 
bearing side 30 and forming the up magnetic pole layer 13 on the record gap layer 12 at the thickness of 
about 2.0-3.0 micrometers, a conductive layer 21 is formed in the thickness of about 2.0-3.0 
micrometers so that it may connect with connection 10a of the thin film coil 10. The up magnetic pole 
layer 13 is connected to 3rd partial 8c of the lower magnetic pole layer 8 through the contact hole 
formed in the part on 3rd partial 8c of the lower magnetic pole layer 8. 

[0052] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, 
Fe:55 % of the weight) which is a high saturation-magnetic-flux-density ingredient, the up magnetic 
pole layer 13 may be formed by the galvanizing method, and may be formed by the spatter using 
ingredients, such as FeN, FeZrN, etc. which are a high saturation-magnetic-flux-density ingredient. In 
addition, CoFe, Co system amorphous material, etc. which are a high saturation-magnetic-flux-density 
ingredient may be used. Moreover, it is good also as structure which laid the insulator layer of an 
inorganic system, and magnetic layers, such as a permalloy, on top of many layers for the up magnetic 
pole layer 13 because of an improvement of a RF property. 

[0053] Next, as shown in drawing 5 , the record gap layer 12 is alternatively etched by dry etching by 
using the up magnetic pole layer 13 as a mask. Reactive ion etching (RIE) which used gas, such as 
chlorine-based gas of BC12 and C12 grade and fluorine system gas of CF4 and SF6 grade, is used for the 
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dry etching at this time. Next, for example by argon ion milling, 2nd about 0.3 micrometers partial 8b of 
the lower magnetic pole layer 8 is etched alternatively, and it considers as trim structure as shown in 
drawing 5 (b). According to this trim structure, the increment in the effectual width of recording track by 
the breadth of the magnetic flux generated at the time of the writing of a ** truck can be prevented. 
[0054] Next, the overcoat layer 17 which consists of an alumina is formed in the thickness of 20-40 
micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on it. Finally polish processing of the slider containing above-mentioned each 
class is performed, the air bearing side 30 of a recording head and the reproducing head is formed, and 
the thin film magnetic head concerning the gestalt of this operation is completed. 
[0055] With the gestalt of this operation, the lower magnetic pole layer 8 which consists of the 1st 
partial 8a the 2nd partial 8b, and the 3rd partial 8c is equivalent to the 1st magnetic layer in this 
invention, and the up magnetic pole layer 13 is equivalent to the 2nd magnetic layer in this invention. 
[0056] Drawing 6 is the explanatory view matching and showing the top view (drawing arranged in 
drawing 6 at the bottom) about a part for the principal part of the thin film magnetic head and sectional 
view (drawing arranged in drawing 6 at the bottom) concerning the gestalt of this operation. In addition, 
with the top view in drawing 6 , the overcoat layer 17, other insulating layers, and an insulator layer are 
omitted. In drawing 6 , Sign TH expresses throat height, TH0 expresses a throat height zero location, 
MR-H expresses MR height, and W expresses recording track width of face. 
[0057] In die part which counters the up magnetic pole layer 13 among 2nd partial 8b of the lower 
magnetic pole layer 8 with the gestalt of this operation, the edge of the opposite side is formed in the air 
bearing side 30 in the shape of [ parallel to the air bearing side 30 ] a straight line. The edge of the 
opposite side is formed in the shape of [ which was approximated to the configuration of the periphery 
of the thin film coil 1 0 ] radii in the air bearing side 30 in other parts of 2nd partial 8b of the lower 
magnetic pole layer 8. As mentioned above, in the air bearing side 30 of the part which counters the up 
magnetic pole layer 13 among 2nd partial 8b of the lower magnetic pole layer 8, since the edge of the 
opposite side was formed in the shape of [ parallel to the air bearing side 30 ] a straight line, throat 
height and a throat height zero location are correctly controllable by the gestalt of this operation. 
[0058] Moreover, with the gestalt of this operation, the up magnetic pole layer 13 prescribes width-of- 
recording-track W. As shown in drawing 6 , the up magnetic pole layer 13 has the 1st partial 13 A 
arranged sequentially from the air bearing side 30 side, the 2nd partial 13B, and 3rd partial 13C. The 
width of face of 1st partial 13A is equal to the recording track width of face W, the width of face of 2nd 
partial 13B is larger than the width of face of 1st partial 13 A, and the width of face of 3rd partial 13C is 
larger than the width of face of 2nd partial 13B. Therefore the width of face of 3rd partial 13C 
approaches the air bearing side 30, it is becoming small gradually. Moreover, the width of face of 2nd 
partial 13B is also becoming small gradually as it approaches the air bearing side 30. 
[0059] Moreover, in the up magnetic pole layer 13, the edge which connects the edge of the cross 
direction of 1st partial 13 A and the edge of the cross direction of 2nd partial 13B is parallel to the air 
bearing side 30. Similarly, in the up magnetic pole layer 13, the edge which connects the edge of the 
cross direction of 2nd partial 13B and the edge of the cross direction of 3rd partial 13C is also parallel to 
the air bearing side 30. 

[0060] In the up magnetic pole layer 13, the location of the boundary of 1st partial 13 A and 2nd partial 
13B is arranged near the MR height zero location (the air bearing side 30 of the MR component 5 is the 
location of the edge of the opposite side). 

[0061] Moreover, in the up magnetic pole layer 13, the location (near location of the level difference 
part of 2nd partial 13B and 3rd partial 13C in drawing 6 ) of the boundary of 2nd partial 13B and 3rd 
partial 1 3C is arranged rather than the throat height zero location TH0 at the air bearing side 30 side (it 
sets to drawing 6 and is left-hand side). 

[0062] As explained above, the thin film magnetic head concerning the gestalt of this operation is 
equipped with the reproducing head and a recording head. The reproducing head has the lower shielding 
layer 3 and up shielding layer (lower magnetic pole layer 8) for shielding the MR component 5 and the 
MR component 5 arranged so that the part of the side which counters a record medium may counter on 
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both sides of the MR component 5. 

[0063] The recording head of each other is connected magnetically and the magnetic pole part which 
counters mutually the side which counters a record medium is included. The lower magnetic pole layer 8 
(the 1st partial 8a, partial 8b [ 2nd ], and 3rd partial 8c) and the up magnetic pole layer 13 which consist 
of at least one layer, respectively, It has the record gap layer 12 prepared between the magnetic pole part 
of this lower magnetic pole layer 8, and the magnetic pole part of the up magnetic pole layer 13, and the 
thin film coil 10 with which the part [ at least ] was arranged in the condition of having insulated to 
these between the lower magnetic pole layer 8 and the up magnetic pole layer 13. 
[0064] 1st partial 8a arranged with the gestalt of this operation in the location where the lower magnetic 
pole layer 8 counters some thin film coils [ at least ] 10, It connects with the field by the side of the thin 
film coil 10 in this 1st partial 8a (it sets to drawing and is the bottom), a magnetic pole part is formed, it 
has 2nd partial 8b which specifies throat height, and the thin film coil 10 is arranged in the side (it sets 
to drawing and is right-hand side) of 2nd partial 8b of the lower magnetic pole layer 8. 
[0065] With the gestalt of this operation, moreover, the insulating layer 1 1 for insulating between the 
coils in the thin film coil 10 The insulator layer 9 which is the layer which consists of an insulating 
material which has a fluidity at the time of formation, and serves as a substrate of the thin film coil 10 at 
it is touched. Between 2nd partial 8b of between the coils in the thin film coil 10, and the lower 
magnetic pole layer 8, and the thin film coils 10, And it is set to 1st insulator layer 1 la arranged so that a 
part of each space [ at least ] between 3rd partial 8c of the lower magnetic pole layer 8 and the thin film 
coil 10 may be filled from an inorganic insulating material, and has 2nd insulator layer 1 lb arranged so 
that 1st insulator layer 1 la may be covered. Moreover, flattening of the top face of 2nd insulator layer 
1 lb is carried out with the top face of the 2nd partial 8b of the lower magnetic pole layer 8, and 3rd 
partial 8c. 

[0066] With the gestalt of this operation, the thin film coil 10 is arranged to the side of 2nd partial 8b of 
the lower magnetic pole layer 8, and it forms on the flat insulator layer 9. Therefore, according to the 
gestalt of this operation, it becomes possible to form the thin film coil 10 with a sufficient precision 
minutely. Furthermore, according to the gestalt of this operation, the edge of the thin film coil 10 can be 
arranged an edge [ the edge of the opposite side ], i.e., a throat height zero location near, in the air 
bearing side 30 of 2nd partial 8b of the lower magnetic pole layer 8. 

[0067] It becomes possible to use efficiently for record the magnetomotive force which became 
reducible [ magnetic-path length ] about 30 to 40%, for example compared with the former, 
consequently was generated with the thin film coil 10 from these things according to the gestalt of this 
operation. Therefore, according to the gestalt of this operation, it becomes possible to offer the high 
frequency property of a recording head, a nonlinear transition shift (Non-linear Transition Shift;NLTS), 
and the thin film magnetic head that was excellent in the over-writing property. 

[0068] Moreover, according to the gestalt of this operation, since it becomes reducible [ magnetic-path 
length ], the overall length of the thin film coil 10 can be shortened sharply, without changing a number 
of turns. Thereby, since resistance of the thin film coil 10 can be made small, it becomes possible to 
make small thickness of the part and the thin film coil 10. 

[0069] Moreover, with the gestalt of this operation, the insulating layer 1 1 for insulating between the 
coils of the thin film coil 10 has 1st insulator layer 11a and 2nd insulator layer 1 lb. 1st insulator layer 
1 la touches the insulator layer 9 which is the layer which consists of an insulating material which has a 
fluidity at the time of formation, and serves as a substrate of the thin film coil 10 at it, and between the 
coils in the thin film coil 10, it is formed so that a part of each space [ at least ] between 2nd partial 8b of 
the lower magnetic pole layer 8 and the thin film coil 10 and between 3rd partial 8c of the lower 
magnetic pole layer 8 and the thin film coil 10 may be filled. 2nd insulator layer 1 lb consists of an 
inorganic insulating material, and it is formed so that 1st insulator layer 11a may be covered. 
[0070] Therefore, according to the gestalt of this operation, since 1st insulator layer 1 la enters enough in 
each above-mentioned space, it can prevent that an opening occurs in an insulating layer 11. Moreover, 
since according to the gestalt of this operation 2nd insulator layer 1 lb which consists of an inorganic 
insulating material was formed so that 1st insulator layer 1 la might be covered, it can prevent that an 
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insulating layer 1 1 deforms according to secular change. According to the gestalt of this operation from 
these things, the dependability of the thin film magnetic head can be raised. 

[0071] Moreover, since according to the gestalt of this operation 2nd insulator layer 1 lb which consists 
of an inorganic insulating material was formed so that 1st insulator layer 11a might be covered, it can 
prevent that a magnetic pole part projects in a record-medium side by expansion by the heat generated 
around the thin film coil 10 while using the thin film magnetic head. Therefore, according to the gestalt 
of this operation, it can become possible to surface a slider in the location near a record medium, and the 
property of the thin film magnetic head can be raised. 

[0072] Moreover, with the gestalt of this operation, flattening of the top face of 2nd insulator layer lib 
is carried out with the top face of the 2nd partial 8b of the lower magnetic pole layer 8, and 3rd partial 
8c. Therefore, according to the gestalt of this operation, the up magnetic pole layer 13 which specifies 
recording track width of face can be formed on a flat field. Therefore, according to the gestalt of this 
operation, even if it makes recording track width of face small also in for example, a half micron 
dimension or a quarter micron dimension, the up magnetic pole layer 13 can be formed with a sufficient 
precision, and it becomes possible to control recording track width of face correctly. 
[0073] With reference to [the gestalt of the 2nd operation] next drawing 7 thru/or drawing 10, the thin 
film magnetic head concerning the gestalt of operation of the 2nd of this invention and its manufacture 
approach are explained. In addition, in drawing 7 thru/or drawing 10 , (a) shows a cross section 
perpendicular to an air bearing side, and (b) shows the cross section parallel to the air bearing side of a 
magnetic pole part. 

[0074] The process which forms the thin film coil 10 by the manufacture approach of the thin film 
magnetic head concerning the gestalt of this operation is the same as the gestalt of the 1st operation. 
[0075] By the manufacture approach of the thin film magnetic head concerning the gestalt of this 
operation Next, as shown in drawing 7 , the insulator layer 9 which is a layer used as the substrate of the 
thin film coil 10 is touched in 1st insulator layer 1 la which consists of an insulating material which has 
a fluidity by the photolithography at the time of formation. It forms alternatively so that each space 
between 2nd partial 8b of the lower magnetic pole layer 8 and the thin film coil 10 and between 3rd 
partial 8c of the lower magnetic pole layer 8 and the thin film coil 10 may be filled between the coils in 
the thin film coil 1 0 and the thin film coil 1 0 may be covered. 

[0076] Next, while making 1st insulator layer 11a enter each above-mentioned space enough, in order to 
carry out flattening of the top face of 1st insulator layer 1 la, UV cure or annealing is given at the 
temperature of heat treatment, for example, 100-200-degreeC, to 1st insulator layer 1 la. 
[0077] Next, as shown in drawing 8 , the etchback by the anisotropic etching using the gas of CH4 
system or 02 plasma removes 1st insulator layer 1 la located on the thin film coil 10 at least. In addition, 
you may make it 1 st insulator layer 1 1 a behind etchback fill each above-mentioned whole space with the 
gestalt of this operation, and may make it fill a part of each above-mentioned space with it, as shown in 
drawing 8 . . 

[0078] Next, as shown in drawing 9 , 2nd insulator layer 1 lb which consists of an inorgamc insulating 
material is formed in the thickness of about 3-4 micrometers so that 1st insulator layer 11a may be 
covered. Next, for example by CMP, insulator layer 1 lb is ground and flattening processing of the front 
face is carried out until the 2nd partial 8b of the lower magnetic pole layer 8 and 3rd partial 8c are 
exposed. 

[0079] Thus, the insulating layer 1 1 for insulating between the coils in the thin film coil 10 by the 1st 
insulator layer 1 1 a and 2nd insulator layer 1 lb is formed. 

[0080] The subsequent process is the same as the gestalt of the 1st operation. Drawing 10 is the sectional 
view of the thin film magnetic head concerning the gestalt of this operation. 

[0081] The configuration of others in the gestalt of this operation, an operation, and effectiveness are the 
same as the gestalt of the 1 st operation. 

[0082] With reference to [the gestalt of the 3rd operation] next drawing 1 1 thru/or drawing 15 , the thin 
film magnetic head concerning the gestalt of operation of the 3rd of this invention and its manufacture 
approach are explained. In addition, in drawing 1 1 thru/or drawing 14 , (a) shows a cross section 
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perpendicular to an air bearing side, and (b) shows the cross section parallel to the air bearing side of a 
magnetic pole part. 

[0083] The process which forms an insulator layer 9 by the manufacture approach of the thin film 
magnetic head concerning the gestalt of this operation is the same as the gestalt of the 1st operation. 
[0084] By the manufacture approach of the thin film magnetic head concerning the gestalt of this 
operation next, as shown in drawing 1 1 , the 1st layer part 3 1 of the thin film coil which consists of 
copper is formed with the same procedure as the case where the thin film coil 10 in the gestalt of the 1st 
operation is formed. For example, thickness of the 1st layer part 31 of a thin film coil is set to 0.8-1.5 
micrometers, width of face of a coil is set to 0.5-1.0 micrometers, and spacing between coils is set to 
0.5-1.0 micrometers. In addition, sign 31a shows among drawing the connection for connecting with the 
2nd layer part which mentions the 1 st layer part 3 1 of a thin film coil later. 

[0085] Next, with the same procedure as the case where 1st insulator layer 1 la in the gestalt of the 1st 
operation is formed, 1st insulator layer 11a and same insulator layer 32a are formed, and it heat-treats to 
insulator layer 32a. 

[0086] Next, insulator layer 32b is ground and flattening processing of the front face is carried out until 
it forms 2nd insulator layer 1 lb and same insulator layer 32b and the 2nd partial 8b of the lower 
magnetic pole layer 8 and 3rd partial 8c are exposed with the same procedure as the case where 2nd 
insulator layer 1 lb in the gestalt of the 1st operation is formed, as shown in drawing 12 . 
[0087] Thus, the insulating layer 32 for insulating between the coils in the 1st layer part 31 of a thin film 
coil by insulator layer 32a and insulator layer 32b is formed. 

[0088] Next, as shown in drawing 13 , the record gap layer 12 which consists of an insulating material is 
formed at the thickness of 0.15-0.20 micrometers on the 2nd partial 8b of the lower magnetic pole layer 
8 and 3rd partial 8c which were exposed, and an insulating layer 32. 

[0089] Next, for magnetic-path formation, on 3rd layer 8c of the lower magnetic pole layer 8, the record 
gap layer 12 is etched partially and a contact hole is formed. 

[0090] Next, while forming in the thickness of 2.0-3.0 micrometers magnetic pole partial layer 13a 
which forms the magnetic pole part of the up magnetic pole layer 13 on the record gap layer 12, 
magnetic layer 13b is formed in the location of the contact hole formed on 3rd partial 8c of the lower 
magnetic pole layer 8 at the thickness of 2.0-3.0 micrometers. In addition, the up magnetic pole layer 13 
in the gestalt of this operation consists of magnetic pole partial layer 13a and magnetic layer 13b, and 
York partial layer 13c mentioned later. Magnetic layer 13b is a part for connecting York partial layer 
13c and 3rd partial 8c of the lower magnetic pole layer 8. 

[0091] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, 
Fe:55 % of the weight) which is a high saturation-magnetic-flux-density ingredient, magnetic pole 
partial layer 13a and magnetic layer 13b of the up magnetic pole layer 13 may be formed by the 
galvanizing method, and may be formed by the spatter using ingredients, such as FeN, FeZrN, etc. 
which are a high saturation-magnetic-flux-density ingredient. In addition, CoFe, Co system amorphous 
material, etc. which are a high saturation-magnetic- flux-density ingredient may be used. 
[0092] Next, the record gap layer 12 is alternatively etched by dry etching by using magnetic pole partial 
layer 13a of the up magnetic pole layer 13 as a mask. Reactive ion etching (RIE) which used gas, such 
as chlorine-based gas of BC12 and C12 grade and fluorine system gas of CF4 and SF6 grade, is used for 
the dry etching at this time. Next, for example by argon ion milling, 2nd about 0.3 micrometers partial 
8b of the lower magnetic pole layer 8 is etched alternatively, and it considers as trim structure as shown 
in drawing 13 (b). 

[0093] Next, in the part on connection 31a of the 1st layer part 31 of a thin film coil, the record gap layer 
12 and an insulating layer 32 are etched, and a contact hole is formed. 

[0094] Next, the 2nd layer part 34 of the thin film coil which consists of copper is formed by the frame 
galvanizing method on the record gap layer 12 in the side of magnetic pole partial layer 13a of the up 
magnetic pole layer 13. For example, thickness of the 2nd layer part 34 of a thin film coil is set to 0.8- 
1.5 micrometers, width of face of a coil is set to 0.5-1.0 micrometers, and spacing between coils is set to 
0.5-1.0 micrometers. In addition, sign 34a shows the connection for connecting the 2nd layer part 34 of 
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a thin film coil to the 1 st layer part 3 1 among drawing. 

[0095] Next, the record gap layer 12 which is a layer used as the substrate of the 2nd layer part 34 of a 
thin film coil is touched in insulator layer 35a which consists of an insulating material which has a 
fluidity, for example by the photolithography at the time of formation. It forms alternatively so that each 
space between magnetic pole partial layer 13a and the 2nd layer part 34 and between magnetic layer 13b 
and the 2nd layer part 34 may be filled between the coils in the 2nd layer part 34 and the 2nd layer part 
34 may be covered. Insulator layer 35a may be formed by organic insulating material like a photoresist, 
and is good also as spin-on glass film. 

[0096] Next, while making insulator layer 35a enter each above-mentioned space enough, in order to 
carry out flattening of the top face of insulator layer 35a, UV (ultraviolet rays) cure or annealing is given 
at the temperature of heat treatment, for example, 100-200-degreeC, to insulator layer 3 5a. 
[0097] Next, as shown in drawing 14 , insulator layer 35b which consists of an inorganic insulating 
material is formed in the thickness of about 3-4 micrometers so that insulator layer 35a may be covered. 
There are an alumina, a silicon oxide, etc. as an inorganic insulating material for forming insulator layer 
35b. Next, for example by CMP, insulator layer 35b is ground and flattening processing of the front face 
is carried out until magnetic pole partial layer 13a and magnetic layer 13b of the up magnetic pole layer 

13 are exposed. ->„ r 

[0098] Thus, the insulating layer 35 for insulating between the coils in the 2nd layer part 34 of a thin 
film coil by insulator layer 35a and insulator layer 35b is formed. 

[0099] Next, York partial layer 13c which forms the York part of the up magnetic pole layer which 
consists of a magnetic material for recording heads is formed at the thickness of 2.0-3.0 micrometers 
magnetic pole partial layer 13a of the up magnetic pole layer 13 and magnetic layer 13b by which 
flattening was carried out, and on an insulating layer 35. Through magnetic layer 13b, this York partial 
layer 13c contacted 3rd partial 8c of the lower magnetic pole layer 8, and is connected magnetically. 
Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 
% of the weight) which is a high saturation-magnetic-flux-density ingredient, York partial layer 13c of 
the up magnetic pole layer 13 may be formed by the galvanizing method, and may be formed by the 
spatter using ingredients, such as FeN, FeZrN, etc. which are a high saturation-magnetic-flux-density 
ingredient. In addition, CoFe, Co system amorphous material, etc. which are a high saturation-magnetic- 
flux-density ingredient may be used. Moreover, it is good also as structure which laid the insulator layer 
of an inorganic system, and magnetic layers, such as a permalloy, on top of many layers for York partial 
layer 13c of the up magnetic pole layer 13 because of an improvement of a RF property. 
[0100] With the gestalt of this operation, the end face by the side of the air bearing side 30 of York 
partial layer 13c of the up magnetic pole layer 13 is arranged in the location (it sets to drawing 14 (a) 
and is right-hand side) distant from the air bearing side 30. 

[0101] Next, the overcoat layer 37 which consists of an alumina is formed in the thickness of 20-40 
micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on it. Finally, polish processing of a slider is performed, the air bearing side 30 
of a recording head and the reproducing head is formed, and the thin film magnetic head concemmg the 
gestalt of this operation is completed. 

[0102] With the gestalt of this operation, the up magnetic pole layer 13 which consists of magnetic pole 
partial layer 13a, magnetic layer 13b, and York partial layer 13c is equivalent to the 2nd magnetic layer 
in this invention. Moreover, magnetic pole partial layer 13a corresponds to the 2nd part of the magnetic 
layer in this invention, and York partial layer 13c corresponds to the 1st part of the magnetic layer in 
this invention. . . 

[0103] Drawing 15 is the explanatory view matching and showing the top view (drawing arranged in 
drawing 15 at the bottom) about a part for the principal part of the thin film magnetic head and sectional 
view (drawing arranged in drawing 15 at the bottom) concerning the gestalt of this operation. In 
addition, with the top view in drawing 15 , the overcoat layer 37, other insulating layers, and an 
insulator layer are omitted. In drawing 15 , Sign TH expresses throat height, TH0 expresses a throat 
height zero location, MR-H expresses MR height, and W expresses recording track width of face. 
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[0104] As shown in this drawing, magnetic pole partial layer 13a of the up magnetic pole layer 13 
contains the 1st part 13al arranged at the air bearing side 30 side, and the 2nd part 13a2 arranged in the 
location which was connected with this 1st part 13al, and is distant from the air bearing side 30. The 
width of face of the 1st part 13al is equal to the recording track width of face W, and the width of face 
of the 2nd part 13a2 is larger than the width of face of the 1st part 13al. Moreover, the location (location 
of the level difference part of the 1st part 13al and the 2nd part 13a2) of the boundary of the 1st part 
13al and the 2nd part 13a2 is arranged near the throat height zero location THO. 

[0105] In the part which laps with magnetic pole partial layer 13a, the width of face of York partial layer 
13c of the up magnetic pole layer 13 has fixed magnitude, after changing so that it may become so large 
[ it is almost equal to width of face with magnetic pole partial layer 13a and / the air bearing side 30 ] 
that it goes to the opposite side. 

[0106] As explained above, with the gestalt of this operation, the 1st layer part 31 of a thin film coil is 
arranged to the side of 2nd partial 8b of the lower magnetic pole layer 8, and it forms on the flat 
insulator layer 9. Furthermore, with the gestalt of this operation, carry out flattening of the top face of 
the insulating layer 32 for insulating between the coils of the 1st layer part 31 of a thin film coil with the 
top face of 2nd partial 8b of the lower magnetic pole layer 8, and the record gap layer 12 is minded on 
the field by which flattening was carried out. Magnetic pole partial layer 13a of the up magnetic pole 
layer 13 and the 2nd layer part 34 of a thin film coil were formed, and the 2nd layer part 34 of a thin 
film coil is arranged to the side of magnetic pole partial layer 13 a. Therefore, while becoming possible 
to both form minutely the 1 st layer part 3 1 and the 2nd layer part 34 of a thin film coil with a sufficient 
precision according to the gestalt of this operation The edge of the 1st layer part 31 of a thin film coil 
can be arranged near the edge of 2nd partial 8b of the lower magnetic pole layer 8, and the edge of the 
2nd layer part 34 of a thin film coil can be arranged near the edge of magnetic pole partial layer 13a of 
the up magnetic pole layer 13. Therefore, according to the gestalt of this operation, compared with the 
part which made the thin film coil two-layer, and the gestalt of the 1st operation, it becomes more 
reducible [ magnetic-path length ]. 

[0107] Moreover, with the gestalt of this operation, the insulating layer 32 for insulating between the 
coils of the 1st layer part 31 of a thin film coil has insulator layer 32a and insulator layer 32b. Insulator 
layer 32a touches the insulator layer 9 which is the layer which consists of an insulating material which 
has a fluidity at the time of formation, and serves as a substrate of the 1st layer part 31 at it. Between the 
coils in the 1st layer part 3 1, it is formed so that a part of each space [ at least ] between 2nd partial 8b of 
the lower magnetic pole layer 8 and the 1st layer part 31 and between 3rd partial 8c of the lower 
magnetic pole layer 8 and the 1st layer part 31 may be filled. Insulator layer 32b consists of an inorganic 
insulating material, and it is formed so that insulator layer 32a may be covered. 
[0108] Moreover, with the gestalt of this operation, the insulating layer 35 for insulating between the 
coils of the 2nd layer part 34 of a thin film coil has insulator layer 35a and insulator layer 35b. Insulator 
layer 35a touches the record gap layer 12 which is a layer which consists of an insulating material which 
has a fluidity at the time of formation, and serves as a substrate of the 2nd layer part 34 at it. Between 
the coils in the 2nd layer part 34, it is formed so that a part of each space [ at least ] between magnetic 
pole partial layer 13a of the up magnetic pole layer 13 and the 2nd layer part 34 and between magnetic 
layer 13b of the up magnetic pole layer 13 and the 2nd layer part 34 may be filled. Insulator layer 35b 
consists of an inorganic insulating material, and it is formed so that insulator layer 35a may be covered. 
[0109] Therefore, since it can prevent that insulating layers 32 and 35 deform according to secular 
change while being able to prevent that an opening occurs in insulating layers 32 and 35 like the gestalt 
of the 1st operation according to the gestalt of this operation, the dependability of the thin film magnetic 
head can be raised. According to the gestalt of this operation, like the gestalt of the 1st operation 
moreover, while using the thin film magnetic head Since it can prevent that a magnetic pole part projects 
in a record-medium side by expansion by the heat generated around the 1st layer part 31 of a thin film 
coil, and the 2nd layer part 34 It can become possible to surface a slider in the location near a record 
medium, and the property of the thin film magnetic head can be raised. 

[0110] Moreover, according to the gestalt of this operation, the 1st layer part 31 of a thin film coil is 
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arranged to the side of 2nd partial 8b of the lower magnetic pole layer 8. Since flattening of the top face 
of the insulating layer 32 for insulating between the coils of the 1st layer part 3 1 was carried out with the 
top face of 2nd partial 8b of the lower magnetic pole layer 8, magnetic pole partial layer 13a of the up 
magnetic pole layer 13 which specifies recording track width of face can be formed on a flat field. 
Therefore, according to the gestalt of this operation, even if it makes recording track width of face small 
also in for example, a half micron dimension or a quarter micron dimension, magnetic pole partial layer 
13a can be formed with a sufficient precision, and contraction of recording track width of face is 

[Omjlvloreover, according to the gestalt of this operation, the 2nd layer part 34 of a thin film coil is 
arranged to the side of magnetic pole partial layer 13a of the up magnetic pole layer 13. Since flattening 
of the top face of the insulating layer 35 for insulating between the coils of the 2nd layer part 34 was 
carried out with the top face of magnetic pole partial layer 13a of the up magnetic pole layer 13, York 
partial layer 13c of the up magnetic pole layer 13 can also be formed on a flat field. Therefore, 
according to the gestalt of this operation, formation also of York partial layer 13c is attained minutely, 
consequently it becomes possible to prevent generating of the so-called side light which writes data also 
in fields other than the field which should be essentially recorded to a record medium. 
[01 12] Moreover, with the gestalt of this operation, the end face by the side of the air bearing side 30 of 
York partial layer 13c of the up magnetic pole layer 13 is arranged in the location distant from the air 
bearing side 30. Therefore, according to the gestalt of this operation, when throat height is small, York 
partial layer 13c of the up magnetic pole layer 13 cannot be exposed to the air bearing side 30, 
consequently generating of the so-called side light can be prevented. 

[01 13] In addition, the insulating layers 32 and 35 in the gestalt of this operation may be formed with 
the same procedure as the insulating layer 1 1 in the gestalt of the 2nd operation. The configuration of 
others in the gestalt of this operation, an operation, and effectiveness are the same as the gestalt of the 

1st operation. . . . . , . . 

[0114] This invention is not limited to the gestalt of each above-mentioned implementation, but various 
modification is possible for it. For example, although the gestalt of each above-mentioned 
implementation explained the thin film magnetic head of the structure which read to the base side, 
formed MR component of business, and carried out the laminating of the induction type MAG sensing 
element for writing on it, it is good even if reverse in this built-up sequence. 

[01 15] That is, it may write in a base side, the induction type MAG sensing element of business may be 
formed and MR component for reading may be formed on it. Such structure is realizable by forming in 
a base side by using as a lower magnetic pole layer the magnetic film which has the function of the up 
magnetic pole layer shown in the gestalt of the above-mentioned implementation for example, and 
forming the magnetic film which has the function of the lower magnetic pole layer it was indicated to 
the gestalt of the above-mentioned implementation that countered it as an up magnetic pole layer 
through the record gap film. In this case, it is desirable to make the up magnetic pole layer of an 
induction type MAG sensing element and the lower shielding layer of MR component make it serve a 
double purpose. 

[01 16] Moreover, this invention is applicable also to the thin film magnetic head only for the records 
equipped only with the induction type MAG sensing element, and the thin film magnetic head which 
performs record and playback by the induction type MAG sensing element. 

[Effect of the Invention] As explained above, according to the manufacture approach of the thin film 
magnetic head according to claim 1 to 6 or the thin film magnetic head according to claim 7 to 13 The 
1st part arranged in the location where one [ at least ] magnetic layer counters some thin film coils [ at 
least ], Since it connects with the field by the side of the thin film coil in the 1st part, it has the 2nd part 
which' forms a magnetic pole part and some thin film coils [ at least ] were arranged in the side of the 
2nd part It becomes possible to arrange some [ at least ] edges of a thin film coil near the edge of the 2nd 
part, and this does so the effectiveness that contraction of magnetic-path length is attained. According to 
this invention, moreover, the insulating layer for insulating between the coils in some thin film coils [ at 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/20/2004 



™ IS PAGE BLANK 



(USPTO) 



Page 15 of 15 



least ] The layer which consists of an insulating material which has a fluidity at the time of formation, 
and serves as some [ at least ] substrates of a thin film coil at it is touched. The 1st insulator layer 
arranged so that a part of each space [ at least ] between the coils in some thin film coils [ at least ] and 
between the 2nd part and some thin film coils [ at least ] may be filled, It consists of an inorganic 
insulating material, and since it has the 2nd insulator layer arranged so that the 1st insulator layer may 
be covered, the effectiveness that it can prevent that an opening occurs in the insulating layer which 
insulates between the coils of a thin film coil is done so. 

[0118] Moreover, according to the manufacture approach of the thin film magnetic head according to 
claim 4 or the thin film magnetic head according to claim 10, since flattening of the field of the opposite 
side was carried out to the 1st insulator layer in the 2nd insulator layer, the effectiveness that the layer 
formed on the 2nd insulator layer can be further formed with a sufficient precision is done so. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is a sectional view for explaining one process in the manufacture approach of the thin 

film magnetic head concerning the gestalt of operation of the 1st of this invention. 

[Drawing 21 It is a sectional view for explaining the process following drawing 1 . 

[Drawing 31 It is a sectional view for explaining the process following drawing 2 . 

[Drawing 41 It is a sectional view for explaining the process following drawing 3 . 

fDrawing 51 It is a sectional view for explaining the process following drawing 4 . 

[Drawing 61 It is the explanatory view matching and showing the top view about a part for the principal 

part of the thin film magnetic head and sectional view concerning the gestalt of operation of the 1st of 

[Drawingmt is a sectional view for explaining one process in the manufacture approach of the thin 

film magnetic head concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 81 It is a sectional view for explaining the process following drawing 7 . 

[Drawing 91 It is a sectional view for explaining the process following drawing 8 . 

rDrawing 101 It is a sectional view for explaining the process following drawing 9 . 

[Drawing 111 It is a sectional view for explaining one process in the manufacture approach of the thin 

film magnetic head concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 121 It is a sectional view for explaining the process following drawing 1 1 . 

[Drawing 131 It is a sectional view for explaining the process following drawing 12 . 

rDrawing 141 It is a sectional view for explaining the process following drawin g 13 . 

[Drawing 151 It is the explanatory view matching and showing the top view about a part for the principal 

part of the thin film magnetic head and sectional view concerning the gestalt of operation of the 3rd of 

this invention. . 

[Drawing 161 It is a sectional view for explaining one process in the manufacture approach ot the 
conventional thin film magnetic head. 

[Drawing 171 It is a sectional view for explaining the process following drawing 16 . 

[Drawing 181 It is a sectional view for explaining the process following drawing 17 . 

[Drawing 191 It is a sectional view for explaining the process following drawing 18 . 

[Drawing 201 It is the top view of the conventional magnetic head. 

[Description of Notations] _ 

1 r - MR component, 8 / -- Lower magnetic pole layer, ] -- A substrate, 2 -- An insulating layer, 3 -- A 

lower shielding layer, 5 8a [ -.- A thin film coil, 1 1 / -- An insulating layer, 1 la /-- The 1st insulator 

layer 1 lb / -- The 2nd insulator layer, 12 / -- A record gap layer, 13 / -- An up magnetic pole layer, 17 / 

- Overcoat layer. ] -- The 1st part of a lower magnetic pole layer, 8b -- The 2nd part of a lower 

magnetic pole layer, 8c -- The 3rd part of a lower magnetic pole layer, 1 0 
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J*1-5. TU^-^h'^^^ymi 0 4©±fr, 

S±ffl©MRff 1 0 5 Sr. S+nmCf*l:Mt 
5. Jfcte, T«V— /VK^-ryTTWl 0 4©_hfc, MR 
*f 105 »cm*W»Ji»iK*H«— ^©tlftii 1 0 6 5r 

[0 0 0 7] TSBv—A- K^f ^ y/Rl 0 4*5± 

t/MRff i o 5 <d±i,z, mmm t Lx<D±n^-^ k . 

*c\ ^110 7 4UJ& U MRff 105 £ v— /u K 
¥^^110 4, 1 0 TftKmWCtZo 50 
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.[0 0 0 81 ±»'>— -rt' K=¥-Y S> ^JK 1 0 7 ©± 

Kffig irfei - . ) 1084, »3y m^JS^-J-^^i- 
5. 

[0 0 0 9] il7l:/Ttfci5C, Ti5«s«ia 

I 0 8 0lfc, «*.tfT/U5-^IRi 9*5«B« 
^S'/H 0 9 4 0. 2 »m(Dm&-fc : j&f&-tZ> 0 & 

, |E»^ y Kffl i945 ±«5«Sffi^ y ^ 1 
10 4, 0. 5~1. 0«m©f^*t5 o Zl<Db 
l^t, «WJgJ*«>fc«>«)= , i'*^ h*— /H 0 9a 

9Sr^-f-5„ 

[0 0 10] 01 8{'^b7ti5(-, 

■>^1 1 0 4^*? t LT, -T^-VS !) ^^iot. 
Vm*?*v7m \ 0 9 tTMiSl OStsyf^ 
1-3. 018 Cb) f-^UfcJ: ±»ffi«5^ (± 

w&m^-yyL io), is^^-y y^mio 9*3±i>*t 
hy^> (Trim) mmtw&frz: 

[0 0 11] ^ti, ^ffifw, «*.tfr^$-^BtJ; 9 *5 
1 1 1^- fi3^m«IW:Mt5. &f-, - 
o^lll l l ifiWKIif-j'T'l l 0ioJ;t>'attJl 

[0 0 12] spfflft**tfcl6«yi 1 1 1 ©-t^ 

0iJx(f« (Cu) i 9 45iS*S«>iaft^j/ K^©f 1 
»B«5«tt=«'f'/H 1 2 4-^1-5. 'AiC 1 
lJ3J:tf3/f;H 1 2©±|C, 7^- M/v?^. hJl 1 1 3. 

ill 3 (Ki&W&^mzTZtz&l<cffi7£<D'&feX'f$M : m 
1"5. JS*C«-, 7* hl^-^ Ull 3©±t^ 
©»^^;H14«t5, 7*hu<^h 

II 1 3*5^^3^ 1 4±(C, 7ihU^hH 
15 4, ^©^^-Vl'^1-3. JJct-, 7*+V>i? 
X Mil 1 5©*ffi4¥ffl(-1-5fc*^F^©?aST-^ 
&31-5. 

[0 0 13] iSfclC, 01 9(C^UfcJ; 0\'. IMMm^ 
s/7'110, 7*h^hS113, 115J3iO*8S 
ttfl l 9©Jb(-, .IBft^y Kffl^^ttWJN-, Wtli^ 

o ^ ± 9 *5±««1 1 1 6 4rMt5. 5^1-, 
±asaffiBl 1 6©_Ll'. Wx.tfT/l'^ti !?*5^-— 
^-a-fJil l 7 4^1-5. ±iH#Ji4^ 

— . -y KO^T^T !) ^ffil 1 8 4^figUT, ffRtttK 
K*^^1-3. 

[0014] 020 ii, 019 1*^ VttWBSMtSs^y K 
©^zffi0T-fc5. **3, r©0-C*tt, 
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5. . . 

[0 0 15] Hll 9lc3oV^-C, TH(i, ^o-FWF 
MR-Hti, MR^ h^lt^S./ife, 

5. HI 9fcj3V>T,- P2WH:, JKSW-*"*^^ 10 

HHtUT, ^o-hW h^MRW h^<£>tef-, HI 

(Apex Angle) *s&5„ r©x^-?^^^rv Wi, 
n-f/H 1 2, 1 1 Ml 1 3, 11 

■zmmW<oWft<ofilRi:1&&WMkk1lfS&M 1 1 l^-tffi 

[0 0 16] JfgWMK^y K©t£«Srfi-t***K:tt* 20 
HI1 9l:*Lfci5^o-F^ NTH, MRW h- 
MR-H, 3i^^<s/^^r> / ^^0*3J;O ; IS® h7J'^ 
HP 2 W*E«tMt5 - i: ^iHtfcS. 

[0 0 17] 

hfr, fstk^v K^-*3v^T l b*^7 y frx 

UfrbBittffl<ni%&$.X-<D&£X'h5mS&-g: (Yoke Len 
gth) £M<-T5 iiv^c fc^ftifctvCV^S-. 
[0 0 18] «KSS:ffi<-t-5fc»-©-o©*r«feiU-t 
W\ n /KD#j»<£> b* y "f- & /h $ < -T 2> i i: x. & *x 
5. 3 0~5 0^f5'(>/ Wi'f) 2 W-h 

<^fS»^ft?ra^i-S 300-500 MHzg 

0~1 0 nm«Ti:i-5^1l^*>5. i «? J: 5 
SrHa-t*5^tt, 3^/K^)#^oot' , s'^(i. 2. 0~ 
1. Onm, fc-SWi^HJ; 9 Vh£Wtt, 0tJx.tfO. 
6 dmttM^fcS. a^^OilCtV^O. 
6 jtm©»£-fc:H:» 0!lx.tf. a^WCD^coHrt 5 0.. 3 

[0 0 19] tr?.t-, 3W/ko#«WHS:I6» 

•^rUT, hv^ hJi^Jllffi^^a— h'W 
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[0 0 2 0] 7* h Ui/x bWti. 4:<?>teJ$. 

s^i©isa!©eg) * s <b a -r ;ko*ws*S8* -c-wggstas 

S&ftii, lli(7)3^^it)«2Jl<D3^/K07f/i ? ffi<T' 

y KTftt, lBBOa^^^Lfcf, a'fA/O*! 
hu^H5r»2/zmWl*t'MttV^, rcol 

[0 0 2 1] t£oT, 0>Jx.fi\ =^/K7?J*^%2~3 /i 

f^2(imiL, i^^^XTy^U' ~5 
5° IMtLTtt, a>fA'K#«-J-*»» 

fi«<73jfi^*-e©S6BIT'&2) 3~4 nm.<Dm&0>2fe 

ftmffi&XCOSgMh 3~4 jum&S. ) cD6~8 /*m3*s 

[0022] rrr% 0tjx.»±\ a^A-tfMf&t&^Ha 5 i . 

5 Mm, 3-r/K^#^ra»fflPB* 5 0. 5^m©HS3 

x., lfgros^/HUO^StJi^Wit), 
lgl©3/f/H 1 2Sr*fe^:-f-5fc«)07* h h 
Jf 1 1 3<r>iQW-£X~(Dmmk Lt, ~8 n m<©ft 

$«*^St^S. «oT, WS*U17..5~19. 5 
nmkttZ. 4*5, a^ft^r, 0 1 9 (^*3 

[0 0 2 3] 4fc, 3^;WD#iK?r»t5«iIi: 
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[0 0 2 4] tZX\' 3^/Kd#lilKISrl6»i-5ltelMi 
©ft *>.::, »IB*lft'»«»J: 0 *>*v\ T/w 

[0 0 2 5] tZZtf.- 0»Jx..i\ T*^? hifcri 5 1 ICS 
<, K^^o. 5~1. 0 m mW±t?i|iS/!i s 2 . OjumK 

[0 0 2 6] ^rT% 0>Jx.tf4#Hfl¥7-3 119 1 2-5§- 
WroSW^^ST-aS-SSS^S^^v 5 ^ K£r^* 20 

[0 0 2 7] L^L^ib, rcO^-g-T"b. #?i£>f-^/& 
# £ 3 £> , ESSIfi: /h fi» L V > <h V > 5 ISIS 

[0 0 2 8] ^&m*frfrZ>?3M&l,zmZt*X ft £ fitch 30 

[0 0 2 9] 

[|*S^»i*-r-5/cJ6cr)^] ^^O^^^y K 
#ftffi«:::fcV^T2WcMftt~3^ffi^:ft&'a^ Zfi 

■=e*v>fc< tt> io«oa*»e>*5*i*5it/j(i'2©«tt 

JBl*3it/*2«)aaEttJit75|HI.c. JSl*5J;t^fB2©Witt 
t fc— fflJttJB 2 wtP^coiM^tcIBB^tt, *gt««^y 
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i — flj It 5 W*i i IflB 2 cr>g|3# t £IJE ^ -f A- 

•9*5. » l w*feg:JSI£« 5 ± 5 l-EB $ ftfc* 2 rojjfe 
[0 0 3 0] *«W©'I*BI«^S' KcDgSig^Sste, j£ 

#< bh loc7>gtf>fc#5£l:J3.fct>*£2©B£t£Jgi:, 

mz&v hfiit^x -y^mt. < t ti-fytfM 1 
[0031] *mw<nmmm^v K®«5S*«fe«:. js 

©BS^Bcora^, rcD^l*5it>*^2©^tt)i(-*j-LT 
<tt— gP4r^2<ogp^ro{|iJ^,cE«U, iMM 

«b ic *5 »t 5 m * mart z> it- * <r>mtm & % x 

'ptt <ti> -ajfc * it 2. «flim«s i r>*^ 2 cDfp^- 1 mm 
2 oifeftitsr, ^ 1 <o%&mmzm 5 £ 5 tc^-rs 

Xig t Sr-a tf t> <DX- fe -5 „ 
[0 0 3 2] **W©»«l«i*^s' K*fc«:-t«)»it*' 

g(S^^ 2 co^wSS^cOjfi^tcEB-^S - t * J ^Ti6 1 * 

mwx*n, ii3^ ; u©/>^< 1 1— §B(-*5it5#iftw 
&mm-rztctbmmmiz. r^mzmm^^-t^ 

#iUM*3 i t>*^ 2 c73g|5^ i*JS3^ /KZ>^/j. < t <b -SB 



(6) 

9 

[003 3] *mfl<ommmn.^-y Kifcu^wii* 

[0 0 3. 4] Sfc, KSfcte^cD 
[0 0 3 5] life, K*fctt^ro 10 

[0 0 3 6] *^0*)SIB£^s> V commute . 

£r l^^-T 2. IS t £<a A/-C- v ^ <b J: V \ 
[0 0 3 7] 20 

mw^mmmi sit, *^0^cD^^£<D^{cov^ 

i^ro^^fe^ovN-ciftB^-t-^o 4*3, mi4^L 
|H5t;r:*5^T, (a) liiT'<7!>>'^SI-iI , !ciS 
Sr^U (b) mi^OiT^TP ^^ItW'i 

[0 0 3 8] *HJ£<D^(c«S?^^M--y K^Mit 
;£g;-t'(4, *-f, 01 f-^Lfci b\z.^ m5J&T)V7-A 30. 

(Al 2 0 3 -Ti0 i f?^5S«lcoii(^ #iJx 
tfT/Vit (A 1 2 0 3 ) i^i5»12?r > ^5fiin 

I3%« &J3 iumcDjy^-^^i-So T$P^-^K^3 
14, Mil*', 7* h u-i?* hl«£r^;*^(-UT, 

£r, 0IJxi±*4~5 MmWJS^l^U #J;U4*CMP 

tiot, TttS'-A' KB 3 ^Sffii" 40 

[0 0 3 9] T^V- A-K)I3<£>±lc, 

UTCDT$Pv--/WK^>y'7'^4^, fiJx.{4*^2 0~4 

g|4<D_hl;i, H^fflcDMR*^-5=l:, Sfc+n miDjf:^.^ 
MRiSl-^514, #J;LI4\ ^^■y^l'io-CJg 
^ LfcMR K £ MWfr K 31 y ^ V ^i" 5 £ t \z. 4 o T 
J*-*-*. 4*3, MRgfHF-5 AMRi-f, GMRf 

^P, fc£V^4TMR ( h >**Miffi.tfL%}%) m**$<Z> 

m^m^m^^-rmmm^m^^m^-^^^^b^ so 
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t?#5. JSk»C. T^^-^K¥^r-y^4(D±(c, MR 
*^5i-fl;M«Ji-^i0E$H-5— *t<©«ffi*6 5r, Sc+'n 

jsit/MR*^ ©Jite, teflfcJIKi: ltroi3->-^ K 
3^ s> 7 £r, 0J?U4*&1 2 0-4 0 n m<Oj?^.(C^fig 
U MR^5?r->-;uh^ J r?/i4, 7rtlcfflR-*- 
■5. i/-/WK¥+?7'lt4 > 7tC<gffli-5^«-^tU 
tit T/V'S^, ^ft;T/V5: = v"^, ^t^yK?'!' 
^*-jK> (DLC) f* s fc5. *fc, v'-A-K^y 
^4, 7(4, ^y?ffil;±-3T^LTtJ:V^U 
{fc#ttM*B/&ft (CVD) SiaotWLtt,iV\ 
5 tli «9 4 sV-zw K¥ + y 4 , 7 £r C V D 
fti;iotiM5i^Ctt, LTii^J^tih y 
*=f-;VT)V*=.VJ* (A 1 (CH 3 ) 3) *34t/H 2 OSr 

fliv^5. cvDStfflv^t. *<. 

— jV(D'p-t£\<^s— >\s K^t f ^ 4 , 7 £J£j*-f5 r t 
[0 0 4 0] JS^t-, _h§P'> — A-K^f-* y^W7 ro±tr, 

mtm-To ) 8©I1^8a^ 0~2. 0 

i t>*^ 3 ©gi5# set T*«fig $ ^5 . r^mmrn a <»m 

[0 0 4 1] a2(CmUi5C T«II8 

W'flwMSaOj-lC^ TSP^ffiJi 8 <£>fg 2 <D«5^ 8 
b*SJ:t«B3©*M*8 c Sr. #5 1 . 5~2. OjimiOf 
^^^fig-TSo ^2Wgp^8btt, TSl5ail^8©affi 
g13#£r7f^i!cU I1©S»8 a©il3^;i/«^ti- 

8 c 14, ffS 1 ©W» 8 a i^}£-t-5 ±$R$£ffiJ! t SrlStt 

gt^isj-rssp^J-fctts^r^r y vy®3 0 ir(4S 

fc. f 2 8 b o 5 *>±«W»ffii i:*Hftt5Sil»l- 

[0 0 4 2] T*WKffi»8©«2©»4i-8bfcJ:t/JB3 
<D%ft 8ctt, N-iFe (N i : 8 0 F e : 2 

0*fi%) ^ WftfP«*af«#*EfT?*5N i F e (N 
i : 4 511%, Fe : 5 5it%) ^SrfflV^ % 

5FeN, FeZrN¥©WW\ ^^t±<' 

fe-SCoFe, CoRT^^r^^SrfflV^tJ: 

[0 0 4 3] Rl^, ^(-, Wili'T^^ti^iS* 
igdg9Sr, ^)0. 3~0. 6 nm<Dm%-\zMl&i-Z>. 
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[0044] Tummms(om2(ou^Bb(om 

-AftoSftKiot, M9 0±^ «itf« (C 
3>f;H0^f*tt0. 8 — 1. 5j^mtt, ii'^iS 

»o. 5-1. OMm^u #«ira^raiH^o. 5- 

1. 0Mmtt5o *t-> 7 1/^^t5 9 *'*3, 10 

mmi 1 Sl3^f;H 0OT*i48it?»8IS. 

JKSJB 8 2 8 b i:S*IR="f /W 0 i<£>ffl, 33 

J:^T«W**8 0J|!3<0«»8 c.tfS^^/H o £ 

{C, «lcDf6Sd©l 1 att. fllx. 20 

LTfc J; v*U S^#7*<£ 9*5*t°^>' 
(SOG) ®l£.bTt>£v\ 
[0 0 4 6] #CtC, «( 1 DifflHR 1 1 a «: Ji|B*ffll»fc 
+»A9ii4*5i:*l-, ISl^*&*J«l 1 a<D±ffi£ 

0tfx.tt\ 10 0-2 0 0° c^iastuv 

[0 0 4 7] #cfci, EI3 tc^ufcJ; 5 1-, y 
9 V y^Kiot, ISl 0>*68UR1 1 a <£ 30 

9*9, * 1 1 1. a ± 9 fc«v* 

% 2 (Dmmm 3-4 M m©f*i^ 

fg 2 (DftMWk 1 1 b"Sr^"f5fc»^««»6* 

WitfCMPiaot, ■T<B*«/i8 0JB2 0<B4> 
8 b*3±tfSS3<Bflf&#8 c^»ffli-5*T\ ffiftlRll 
b£W«LT, «jB«r¥fift«at5. 
[0 0 4 8] rcoi KS10I6IWBI1 laisi 

5«l»llll*rlft»f-«fc«)0|ft«i 1 1 ^fifcSHS. 40 
[0 0 4 9] jJcfc,- gHfc^Lfci 5 ^ttJUfcTgfl 
ffilffig 8 Of! 2 C0g|5^ 8 b*3iU^3<£>B|5#8 c 
■ lldt, |«Wt»J:9ftaiE«k¥^y^ , *l 2 • 
^JxJiO. 15-0. 2 0^mOg*}:M«o ' 

(DLC) f^$)5o Sfc* 12^5/^112 
iotMUtiK T^^^*J:9*«3B»^^y 50 
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://fl 2tCVD*Ciot»*t8»ttli, 
Uf^xtfhMW^^ 1 ?^ (Al (C 
H 3 ) 3) *5J:tfH a O*:JBV*5. CVDffiSrJBv^i:, 

[0 0 5 0] jfcfc, *»»j*<Dfe»l^ T«ffil8(D 
m 3 <£>£R^ 8 c <D±{c *5V>T, lES^f ^ £§P 

It, MRa-f/H 0oo«^gpi 0 a^±cO§P^(cfeV> 
T, faft^^y^Wl 2*5J:t/)(B*JB l 1 SrSB^W^ 

[0 0 5 1] BfltfF^yTTil 2*>Jtfc*5VvC, 

xr^ry ^^ffi3 0**&T«HB«Ji8OJB3oaJ»8- 
c 0±<OflB^C*^t-C±*HKfli/i 13^2. 0-3. 

« 1 0 a KJMISfti i 5 fc»ti 2 lt»2 . 0- 
3. 0mn^gW:r^t5. ±«i«il3tt, 
fifrSJI 8 £>fg 3 (DWft 8 c ©±<B(S#fcJ&*S*Wfc 3 V 
h*— /vSr^UT. TSP^ffiS 8 <DgS 3 Z>SP# 8 c 

[0 0 5 2] ±«WK«»1 3ttv"N i F e (N i : 8 0 
fiS%, Fe : 2 0li%) ^ 

&3N i F e (N i : 4 5li%, F e : 5 5fi*%) 

ftfpMSef$)^CoFe, ColTWr^ 

[0 0 5 3] H5K«tftJ; 5 m, JiSM&ffiJBl 

yVjil 2'4r31^tc^2/^-v>/-r§o ~<Dh£<n Vy 

4^ y ^^^\c\^ bcu, ci 2 »©**» 

fcg*tt>f (R I E). WflV^JtS. & 

Ji 8 2 oSP» 8 b Sr«W»te 0 . 3Mm8Jxyf 
y^tt, 05 (b) Jc^UfcJ: 5* h V AWAk-t 

(:Mt^«*^lS^ 9 ti5*St»4 h 7 y9m<Oi£ 

[0 0 5 4] ^flclc, «ittfT/^5^J:9*«* 

— rj— 1 7 £\ 2 0 — 4 0 m<DW-W^T&& 

r^ryy/S3 0S:MtT, **ito»iiRfc«5» 

[0 0 5 5] *3WfcO»tt-e»4, flK 1 ^>§P» 8a,f2 
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Z>Uft8b1$£Xfm3<DUfr8 c J: 9*ST*WMSB8 
*K 3MS*fc*srt5«5l«?«tt«fcM*SU ±gpe£«B 

[0 0 5 6] 16(1, ^Jfero^tc^safJKK^S' 
KcDiggB^tcov^ (DSPSE! (H 6 (cisvriffilJtwBB 

mmmnmmm^mn^x^^. m&\^^x, 

-tf afif^IU MR-HBMRM h&*U WttfS 

[0057] *mM<oj&mx°i*, mmmm 8®i2© 

UK 8 b©9 *,±ffl5«HB 1 3 (cMf^i-5g|5^-C*{4. 3i 
T^<7!) V^ffi3 0 tttRSsMliJrojgSPdS^T^r y ^ 

cog? 2 rogp# 8 b w^rogp^-i-^it^^r^r y v^e 

3 0 £ ttR*MK0«*5tt. »^=^/H 0 

tt, ±3£<B±5I-, Tfl^«B8»j&2<D«sa-8 b«>5 20 
t,_h^affiJH'3lC*t(^-r^lfl5^cD^T-<Ty >-^®3 

o t ftrntimnvm^T^T y v^s3 o tmfttm. 
[0 0 5 8] *mne>MMxn. ±&mmmi 3 

_h#S8fcSiB 1 3 tt, x7^7!)y^ffi3 0W^li 
fceHSJi'fcSSl ©ffifl-l 3 A, f2©Ml3B*5i 
1>*H? 3 <£>g|5# 1 3C^ttTV^o IglcDgfl^l 3ACO 
i»Efth5j'^IBWK*K, *2C»»13BOg 30 
|}fglcOgB#l 3A©fii 9 <b*t <, ^3©S|5»1 3 
CcD*§W-ff!2c£>g|3#l 3 BOI8J: 9 < <totV^ 

•3. 3 co«P^> 1 3 C<©*@«, 17^7^^13 011 

^13 BCO«t, ^7-<7 y >-^®3 0lCjg-3< (C^o 

[0 0 5 9] iMffiil Sfcljawr, 

#1 3 A©*B*lPl«)i«*tJB2a>fl5^1 3 BOttlfrlpl© 
i7^7y y/B3 OfiWfKft 
oTV^i. ±«WHIB 1 3 !C*5^T, JB2'©«5 40 

^13 K<D^fa<OWSlk%2><n%ft\ 3 C<Om^<D 

[0 0 6 0] JigPBfcffiBl 3Rl*SV*"C\ JBlO>fflS#l 3 
At^2 <DgB# 1 3Bt Wig^cDfiittli, MRW h 1? 
otfcfi (MR*f 5©i7'<7!) y^ffi3 0 illRStt 

[0 0 6 1] ±«iil 3ic*3VN"C, SB2<D£P 

#1 3 B tfg3©SG#l 3 C i <£>if#<£>{4B (H6tC*3 
»t5IB2©»»l 3 B t!3 CD35#1 3 Ci©ia6«!» 50 
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03ifi«Hfc1t) tt, ^B-Wh^nttlTHOiH 

jcr^ry >^ffi.3 oftfl (BI6'tr*5V>TiE{|iJ) l-53B£ 

[0 0 6 2] U±MWVfzZ. 5 fc, ^HJfccDJgli^S 

SiRiJcD— g|57}SMRfll^5 Sr^A/-C*f[Rl-t--5 i 5 l-EI^ 
frfc, MR*=F 5 KtSfcftOT»'/-* KB 

3*5J;t>*±«l5^-^KH (T^filJ18) i£*LTV^ 
5. 

[0 0 6 3] IHS^S' Ktt, HVJwfiS^tol-jt^iix, 

@8 a, ?g20M8 b *5 £ tfSS 3 CDf8 

»8c) *5it>*±^a«l 3 rOTSI^Illf 8cd 

tcmm*r\ v -?m 1 2 ^ » < 1 1.— §p^tsp^)i 

8*3J:t>*-hSWKffiB 1 3 r*t6>»c#UT»ft»* 

[0 0 6 4] #2Ufc<©7iai8T?W\ TSB^ffiB8«, *K 

7c|g 1 CD$P^ 8 a £ , I©fl 8 a K*3»t5$«& 

3-OH 0W (gKC*3V^T±{»l) (PSl-g^^tK Effi 
S5#«:JBJ*U *n— h^M" h 2 8 

btlrf L, fg^^noii, T§P^ffiB 8 WIS 2 cd 
gp» 8 b <K>W5 m^te^XfeW) ^BBB^tLTVNS. 

[0065] ^mmcDjtmxte, »m=^^^i 0 
ymkt£zmx'hz&mwkv\z.&\^x, mm^^^io 

3^/H0!:©t }oJ;T>*T^ffiB8»?g3cD£|5#8 
c tig^/H 0 t©W©#$fflO'>!'j:<.i:t-«ii«r 
ffi*5J;p(cgBB$tv/c^lcO^»Rl l.at, 

$^fc«2co^)Kl 1 b i:£WLT^-5o «2 
(75^^ 1 1 b©±Itt. T^ffiB 8 co^ 2 0«J^ 8 
b*5it>*m3<D^8 c <£±ffii#f'3p±M:£*vcv^ 

[0 0 6 6] *mM<DMmX'\t.. »^="-f ;H 0 5rT§P 
aUB 8 co^ 2 0§|3^ 8 b <0{RiJ^(^gHB L, ¥Sfcf6* 

ttHf, IRa^f^ 1 0 i < Mti - 1 ^ 
8 COH 2 cD«|5» 8 b cOrcr^T y V^S 3 0 k f4R*Mffl 

[0 0 6 7] rixfecor ta>?5, *H)te<o^jgicitv 

(±\ ^J^(i^*i-Jt-<T 3 0~4 0%SS, ^S§ftcoSS 
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jgBS;ft&^.fc<fE&l-#Jffl-t-5r ki^mttti. ft v 

#MStf£ h 7 Vv?-> 3 I/'SV V (Non-linear Transit 
ion Shift ; NLTS) *\ *-9-f r-WttWign 
fcSfflW*^ •> K &t§#W" 5 r £ *s T»TtB t * 3 . 
[0 0 6 8] *JdtO»«KJ:*t/tf, 8$8§S<£>*S 

a-f/H 0<£>£S£;*:*iIte-M<-t"5- 3. 
£±9, *ffll="f/H 0©ffigtSr/h* <-t"5r. t 
50tv.to», iS3^f;H0om/h$<t5: 10 

[0 0 6 9] *SW6©»«ltfH:, »flt=»-r/H 0 

cotiW^ft5fc*©Efil 1«> Sl»feW 
1 1 a if 2©Wl 1 b*«r#VCV*S. $Sltf)*fe 
Ml 1 1 a fi, »jW»te««tt«r*"*-SIMW«-J: 9 * 
t), li3^H0OTiti5Itfc5«9l:8 
LT, *IR=«W/H 0(c*3(t5#^Ms TSBBSffiJl 8 <£> 
*2O»».8bi:ill3^10iO|l|» ftitfTflHK 
&Jg8tf>l&3<DgP#8 c fciWR=»^f/H 0 k<Dm<D&& 

«&mk libit, mm&mptn z ib i «>»ft»R 

1 1 a!rll5J:5Cje*^5. 

[0 0 7 0] ftot, **Jt©^*^iHtf. f 1©» - 
Mil 1 a#±B#ffllBrtK:+aA!>&tr©t», 
1 1 KSgBRaMB^-ri r t $rH5ih-f5 r t *s-t?^ 5. * 
fc, ro^?jgt-J;*Ui\ f lOjftSfl 1 aSrl? 

J; pic, ftEtftlfeitetftrJ: 0*5f2O«l 1 b £J£ 
^Ufco-C, «6i:1 1 l ^g^f ftl; i i) fft5 r t 

[0 0 7 1] *S6J6«5»ttKJ:*vtf,'tB10«6» 
*llafc«5J:5t, aflftfcfcWH-J: 9 2 rojft 

[0072] tfc. *m©«im I2«iteill 40 

3<£>g&#8 c <D±Mk&te¥-i&4tl>X\'^Z>. ftoX, * 
gI13 SrJPffl^®W±t-^i-5 - ^T*£€><>. ^0) 
/>— 7 5 * a VTt-fe-^^ * — 9 5 ^ a ^ThgjlcM^ < 

[0073] m2<omM<omm] w-, h7*v*lh 50 
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1 0&#J&LT, *»M©f 2 0^ft0^tt«5»lg 
SMUGS' Kfeit/^^Mit^-ffit'OVNTIftBJi-So 

Iii7^v^uiiii o(c:*3v^t, (a) itiT^ryy 
^ffi(cfiE*Wr®*^b, (b) ttmmw-fr s<T 

[0 0 7 4] *S*at©Jg*»C«*»JIWK«^y KOfliJt 

^sfc-t-wu si|3^/no»t5igit-it jbi 

[0 0 7 5] *Iffi©flt#5ill«^y Ko»it 

rt5#*M. T»igB8 0l2©M8 b tmm^^f 
/HOi* i tfTSlftl 8 of 3 8 c i 

[0 0 7 6] jjcld, fg 1 <£>*fe»Jgl 1 1 a «r-hlB#£Mfc 
+^A9ii**5i:*(-, il»ffiiil 1 aOilJ: 

i, W^tf, 1 0 0 — 2 0 0" COfiSt'UV^aTJ, 

"[0 0 7 7] EI8^^bfcj;5^, 0tJx.liCH<, 

OOitfltSllOifUl 1 a !rR*t5. * 
lla^ ±|E45-SM«>^#S:aiftSJ;.5fcU-Ct>J:v^ 

[0078] 09^ufc«t5^, mi-<nmmM 

Ilat85i5i:, fc*lft*»*«:9*5*2©»fe* 
J&l 1 b&, ^Jxii^)3~4 y mWff^-tc^sKi-^. #C 
ic, 0tJx.tf CMPfc-fcoT, TSBfiSffiJg 8 2 
8 b*S±t5«3©*B«-8 c**«W-*-5*-C, iiRH 

[0 0 7 9] rcoj; 5f-UT. il©iill lafci 
r>'^2<7?i^^l 1 blciot, «Bt3>f/H 0(C*3tt 

[0 0 8 0] -?rcp^cOXS«> & 1 <£>HJ£<^t! t 
-C-fcSo §1011 **!6©^ffll»!:«5?»JR«*^y K 

[0 0 8 1] #£lfe©?g*fc*3tt 5 f^ffl 
feit>W«, ii©Hl©ilt^it^5. 
[0 0 8 2] [B 3 Si:- 01 14V^L 

*3, HI l&V^Llll 4I-*3V->T, (a) it^T-^Ty 
y^iCIf/iillr/TL, (b) teSSHgl^O^T^ 
7U v^ffi^¥tf^»rBSr^L-TVN5„ 
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[0083] *mM<vwm\mz>nmw%^v y<ow& 

[0 0 8 4] 4 *JK««^y K©Mtt 

^iS^li, JJclc mi 1 ic^Lfci 5 K> ?M 
J§aRfc*5r*5*ffl!=i>l'A'l 0*^-f-5#^-t^W# 
Wfc ± o -r , 00 J: *> * 5 Sfffll ="C )v<r>% 1 B£B# 
3 1«t5. ^iJxtf. «R3^^©j(flJi*BJ»3 1 
tfW^fitO. 8~1. 5(imJ:U tMfiO. 5~ 
1. O^iniU ^M<oKRSf*0. 5~1. 0 nmt 10 
•f-5. *33, H«f>, ?f 3 1 a ft', ila^/UOf 1@ 
gp#3 1 *«^4JB2««J»fc*iH5-f-Sfc:»«>SBl!lsaJ 

[0 0 8 5] fcfc, *l©»tO?!JlBt-*5tt5JISl©|ft 
Mil 1 a&J&*-*:5»^fclPI«<0*Wfc±o-C, fgl 

oi&Rii 1 1 a t m&uommm 32 & u 
3 2a ^uTSRuaasrite-t-. 
[0 0 8 6] jfctc, ill 1 2tc^L-fci 5 & l <o^m 

m<D^m\z ± o T, 12 <D%MWk llbi ftttcDifeiRR 20 
3 2 b SrJgj* U TlfCaif B 8 <Dfg 2 <Dg|5# 8 b *3 ± t>* 
|R3<£>g|5#8 c as&ffi-f-'S*-?, Sfe^f 3 2 b L 

[0 0 8 7] r<75± 5 (CUT, »»K3 2 a *5±tffft» 
J8I3 2bi:±ot, ■3»|ft3'r/K0*lJl*B^3 1 K*Stt 

[0 0 8 8] #;(^ Hll 3ir^Ufci^tc v fctHLfcT 
«««« 8 2 8 b*S.fctfJB3©*B#8 c 

g!3 2©±C, ffi»Wi!)^2iiBg¥t5''/Il 2 

0iJ;L(£O. 1 5~0. 2 0 MmCOff^f^JEfc-r-S, 30 

[0 0 8 9] «EK»*«9fc*fc, T*BW**8«) 

13^18 c©±ti*5^T, JSM** y 1 2 
fttx y f y ^ Lt ^ y ^ ^'h *-/i'S:Mt5. 

[0 0 9 01 IfcK, %m.*r^V?m \ 2<D±.\Z.< ±MM 
SB 1 3 <©««ffi#Sr7t?j*f 1 3 a £r#Jx 

#2. 0~3. 0,^mOl?*l^^t5t*l!:, TSBBfc 
HB 8 <om 3 <Og|3# 8 cio±i;M^nfc3^^ 
— ;K£>{&e^ B£t£Bl 3 b£2. 0~3. 0 nm<Dm 

1 3 », mmWMB 1 3 a *3±£>'fl«£B 1 3 b t , 40 
t53-^M113cif«^^^. «ltll3b 

tt, 3-^g|37>Bl 3 c-£Ta$aSB8<DfR3©S|5#'8 

[0091] ±g»HB 1 3 (omm&ftm 1 3 a & it/ 

BSttB 13blJ, NiFe (Ni : 80 F e : 

2 011%) *\ ffltSfPa^ffi*«ifSfT-fcSN i F e 
(N i : 4 5fi*%, F e : 5 5fii%) S££rfflV\ «> 

ffcSFeN, F e Z r N^©«i^S:fflV\ *^-y*tC 
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flt-fc5CoFe, 0 017^77^^^*) 

±v\ 

[0 0 9 2] m~ , ±g&B£11B 1 3 tf>BHf gp#B 13a 
^^tlt, K7^xyfy^ti t), IE® =¥ -its' 
:/* 1-2 y^-i'*'?-*. roitOK?^ 

a^f-V^UUi, 0tJx.fi\ BC1 2 , ClMnmM^' 
CF 4 , SF«<9f<©7y*ai^tjf©^SrfflV^fc 
KJ&Stt-r*-^?/ ^>-^ (R I E) ^vxPjttS. & 

B 8 £>!R 2 <DgB# 8 b SrSlRWtC 0 . 3^mS«xyf 
y/Lt, 1213 (b) fw*Lfc±_3.fch y-Mffigi-*- 

[0 0 9 3] #C»C, »Bt3-f/KOflSlB*P»3 
g|5 3 1 a<£Lt<Og|J#K*3VNT. IES^f^rs'7'Bl 2:fc± 
T>16*B3 2 5rxyfy;/Ut3y^^ h*— /u&^fife 

i-s. 

[0 0 9 4] EMC, ±SB$«B 1 3<£>$«g|5#B 13a 
(Oi|iJ^(c*5}f5ISfii¥-Y -y^B 1 2©±l:, 7i/-A» 
o^feiaot, «*tf«±>)*S*«3-<A'©J|S2Ji 
«Pt>3 4Sr^-f-So *l3^;v®S2lM 
34OfW0. 8~1. 5 /imi U ^ftcoiUM: 0 . 
5~1. OpmiU ^WoMISttO. 5~1. On 
miti. ***> 0*, l9*'3-4ali, *JBt = A'O* 
2 BSS# 3 4 &SB.1 BSP# 3 1 ^SBtt-f 

[0 0 9.5] flcfc, Wx.«7*H)y^57-fi:±o 
T , ffi^Bf fcffilfttt Sr^Tf 2. »»«•«■ ±9*5 3 
5.at. «R='f^<oJ|S2BaJ4)-3 4 ©T»i: 
fcSEMty/il ^l^bt, 2 BSB^ 3 4 fc*3 
rt««i»IB, 3 a tfR2Bfl$#3 4 to 

m, istXfM&Sl 3 b t^2BSB^3 Ah<om<r>^ 
m&W.#>. B.o^2B^»3 4^:55 ± 5 
^i"5„ ^1^3 5 a tt, ^Jx:ii, 7* h h© 

i ^iWI^iWtMtTtiv^L, 7fytv^ 

[0 0 9 6] JJctC, 16*^3 5 a £±BE3-£fflfc:+#A 
^flg3 5 a II>fttTiMi, Wlx.tf> 10 0- 

200° cota^-r-uv mft&) ^^.TSfcttT-- 

[0 0 9 71 JJctc, Ell 4(c^bfc± *&HJR3 5 

a 5 ± 5 tc< «g«^^TO± mmm 35b 
•>!)3yMWfc5. ^jxtfCMP(c±o 

T, ±$BmHB 1 3 (DmmWftM 1 3 a *3±t>'MttB 1 
3b*»ttlt54t?, *ft«»3 5 bSrflHSbr, ^cB^r 

[0 0 9 8] roi^CLT, «3 5a*3i0!ig 
g35b(;iot, »«3>f/w©*2B«|J»3 4l^*3tt 
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[0 0 9 9] 3p±flft$^fc±^ffi« 1 3 0tt 

£P#B 1 3 a *3 iOWfeJl 1 3 b t , l&ificJf 3 5 tf>± 

k , y Kffl * 5 ±im&m © a - 

~3. 0 ,xm<BjP*fcJI&*i-5. r©3-*«M)-JBl 3 

#8 c fcgftlfeU «««ili:aa6U"CV^S. JbSHBWJBl 
3<D3-;?SG#Jf 1 3 ell, Ni Fe (N i : 8 0M* 
%, Fe : 2 011%) *\ KIMM»tE**«l*tf ** 10 
N i F e (N i : 4 5fi*%, F e : 5 511%) 

ftttit'J)5FeN, FeZrNf©WI:|l<\ * 
SJI.1 3©3-^SFP^ei 3 c &\ «&^£>*&®Ki'-* 

[0 10 0] **lii<0^-C?»i, 3 ©3- 20 

^8B#J§1 3 c ©xr^r y >-^ffi3 0l»Jcoii$B{4, 31 
7'<7y>'^ffi3 0*^8tl'fcti:l (014 (a) 

[0 10 1] Jfclc, Wxtfr^StJ: 9*** 

— a— hJf 3 7 £r, 2 0~4 0(im©fWcM 

[0 10 2] *H^W^ffiT-ii« ttffittftB 13a,l 
14J1 1 3 b&itfs-^SP^Jl 13c i <9tt:Z>±UmM 
113^ *^K^*3»t4^2 0iKttS^^-t-5. * 
fc, a«gfl#JIl 3 a (4, *«Mfc43«t5«ffii«>*2 

[0103] 01514. #*Kro»tgte«3*ffll**^ 
5, KO^ggPft-f--^-!:© 5 ! 2 ^ (SI 5 IC*3V^±<HI 

tcEB£*Wfc0) twffiin <ai sunsv^-cTflU-eB 

1 5K*3tt5¥E0T*f4, t-^-3-hl3 7^. ^ 
©terottiWBfci^ilfelWK**!*^^^. ESI SJwJS 

— HfnfilS:*U MR-HI1MRW 

[0 10 4] r©Hi;*tfcJ; 5 fc, ±SP^HBi3ro 
$«#Jf 1 3 a f4, 17^7!) >^ffi3 0«fcEB£ 
ixfcfg 1 cDg|5# 1 3 a ! i . r ©I 1 13a xfcig 

2 1 3 a 2 t£#tfo H©Ml 3 ai© 50 



*iHt8E»h7y^*Wfc«)tU<, H 2 <75g&# 1 3 a 2 tf> 
♦gfifg 1 <£>SP# 1 3 a 9 <fcoTV^5. 

fgirog|$#l 3 ai£|g2c7)g|3#l 3 a 2 t<£>^# 
©^1 <*l©ffl5#l 3 a*i:fS2WlH3£-l 3a 2 i©g 
MSB#«fiS) Us ^n-Wh*ottfTH0Ojfi. 

bhceb^jvcvs. 

[0 10 5] ±§15111181 3<£>3 — ^*FP»JB1 3 c©i|S 
14, $jffi£P#Jll 3 a iI45»»-ett. ««S|S#B1 
3ai©SiBff*t< ) i7^7!)^S3 0iftg 

[0106] w±i&wl/c<j: 5t-> ^mM<Dm^x-\t. 

/WmimM&3 l SrT*WSS«Ji 8 ©*2 <o«s 
#8 btfMM^KBBfiU ¥±fi^lfe»^9 <£>±.\cj&i&l,X 

»3 i <Dmmm&ii&mi-i>fcib<Di@imm 3 2<£>±s£T 

t, ±«3^ffi« 1 3 ©fi&ffiSB^Jl 13a tflfgta-l'/V'O 

4««MH 3 a^fla^BEBLrv^. ^o-c, 

#^J6©^l»»wJ:*tf*> iin^/v©«HM3 1*5 
it/H 2 jfg15# 3 4 «:#fc«»K:»B <£ < mOtti - i 

g|5£:TSfl#fct®B 8 (DM 2 8 b <D^U<D]&< 

-e#, »jDt=-Y /ko^2jbsp^3 4<omn&±&mmm 

1 3©fl£ffi8|5#*l 3 a<Z>BSS|5<£>jfi<(C.BEfi-C#£> < , * 

[0107] *mm<DMnx'te, mm** 

11M3 l©#M4^St5fc©0»I3 214, 
»6«Bt3 2ai:ftlHS3 2biS:tW5. ^»)»3 

2 a (4, ^^^fttt$r*-f-5*6i»*f*f i , ?^'9. m 

iiiM3 ncisifz&mm, t«p«*b.8©*2© 

§|5»8 b ifgl«g|5#3 1 ir^Pel. *3 i tfTSBSSISJB 8 
CD^ 3 CO$B^ 8ck»l mUtt 3 1 i <DM<0&&M<0'P 

(4. M^*fe?»«-^-j; 9*9, mman 3 2 a 5 ± 5 

[0 10 8] *fc, *»©^ffiT'f4, Wm^JiVtoW, 
2Jf«B#3 4©tlW?:»&t5ft©©»i3 5 «, 
fei)i3 5at«Si3 5b^fUtV^ I6«BI3 
5 a i4, ^f*(ci5fftWjtt^ ; fi"'t-^*6»Wi 9 * 9 , f& 
2B^3 4<DTmkt£Z>mX'hZBM*r J ry7'mi 2 
(cftUT, I21M3 4ic*3(t5#^M, _h£lHSMgJl 
1 3 0il«#ll 3 a ifg2Jf*B#3 4 i:©RB, *3i 

t;±«Mi 3<omfemi 3 b t%2mnft3 Akn 
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-5, ftHK 3 5 b $Mftf&**tti|- i 0*9, *&*JSI 3 

[0 10 91 fl£oT, JBlOiafcO»«iRI«fc. 
jfc©««8fci*t«r, «I3 2, 3 5 fcffl|«!WB*-J-5 
r tS:l5Jhi-5r tiSt#5i:*l^ I6ii3 2, 35 

3 1 *S J: tf* 2 JMM3h 3 4 ©«iat?IB^i-5 10 

[oiioi titc *mm<w&Miz±tuL mm^-f^ 
(om i m%ft 3 i *Twm.mm 8 con 2 co£b# 8 b ono 

^fdlBBU »lJi«»3 1©«l»IB*rlMW-S*:*«> 
3 2 co Ji® £TgK&ffiJl 8 <Dm 2 cogp# 8 b <o± 
ft£&\z¥-ig.fcVtz<DX\ 15* h 7 y ^"liSrMSt*5± 
g|3S£41Jf 1 3 (O^ffiSP^W 13a ^r¥±a*®<^-ti'^ 20 

IS* h 7 -y ^«BSr«!l*.tf^— 7 5 * a ^jfe-^ * — * 
5 ^ a XTf-jfe^t/J^ < Ltt, ^fllSP^ii 13a 

[0 111] #*Jfe»7l2»;i£*U±\ »«t=^A' 
2 Jiitt0- .3 4 £_hSl«ffiJl 1 3 (DMmMftM 13a 

fr(Dm&m 3 5 o±s?r±si5a<is i 3 (omMMftm 1 

3 aO±Bi*(:¥afl!tfcCt, 1MII1 3©3 30 
— 13ct), Jpfi^®©±t'7^J*1"5 - ir^l? 

13c fcm«B^7^7*^t*0, ^rOM*. f5*«Wf- 

[0 112] *nm<DMMX'te, ±.mtmmi 3 

©a — ?%%m 13c cd^x^T y y-lfmz Offiijroffiffi 

**/h$v^-&(cj3v^rt. ±gG8&<SJfi 3<D3-^«p^- 
113 c*5i7^r!) ^^'®3 otistni-sr t*s* 

[0 113] **5, #2afi©JB*fci8rtS»Wi3 2, 
i o T7I2/& LTtiV 1 . *HJfi«5J^«^*s ft 5 * 

e9tt,o#i7*, ams*** jri <Dmm<ommtm 
an?**. 

[0 114] *389§W:. .±E#*l60J^ffiJCl83e*ix 50 
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I s , S*co|E5^l6T*&5„ 0Ux.tf±!5#*&fetf>7#1i 
[0115] of?, 

jgfiUbrtiv^. roiJiiiiH:. fllxtf, ±12*71 
T, **tf£*U*]1-* <£ 5 {-±l5HJfe©^(-* LfcTSP 

[0 116] ifc, sWSWHc, m*®*****^^* 

[0 1171 

1 3 WVnT^(-I5«»*^^s' K<0®»jg*-fetcj; 

irt-gp^tfill-SteafciBS^^^lo^i:, * 
1 c£>£fl# *3 (t S MM = /v-ft'J ©ffi t-ft^ $ *t>, 
» ; Sr7l2^1- ; 5*2 0gp^-i:5: ; tb, »JBt3^/w©^*< 

^r^^»i-sfcJ6<o*6^Ji(4. T^^t-gftifttt^*, 

*5 it 5 W*S ± t>** 2 fc MR a -f /W>4 < fc 

g£fi$ixfc*i©*6«:)^i, mmmmun x o * 9 , * 

tiot, ^3-Y/KO#i»m^ite*1-5^Sf-^ 
^51^1-5 r t SrB6jh1-5-r t 5 1 v>5S6*Sr^ 
1-5. 

[0 118] ifc, K#*4B*©IW!W»S^3'K*fc 

Z>m*M ± < «7*1-5 ' t ^-C*# 5 i v> 5 ^mSr^1- 
5. 

[|H1] *&W<Dm 1 oHJifecD712IIJ-# : 5»^aM^s' 
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[EI 2] Hittt<iS*lft?3i-5fc»'«5*rffiHt?*> 

[04] H3^«<XSSrRM-f*fc»®»B5H'^*> . 
[B5] H4^tt<xeSrRMi-5fc»®»fffiBn?*> 
[06] *38W©fgl©Slli6©Jgtl»!:ffi5?*)IBK^3' 

[08] H7fc«<3»frRW-r*fc»o»rffiH"^*> 

[0 9] H8»Ol*<IB*:RW-f«fc»©»B5H"C*> 
5. 

[010] 0 9(C^<xm?rSiBJ-r5fcJ6W»Tffi0T-fe 
5. 

[011] *^BJ(D^3ro*JfecO^«8i^^>?^a^ 
[012] 01 lfclR<XS«:«Wt-5fe*©WrffiH-e 
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[013] 01 2fctt<X8SrBiWi-5fc»©WfiBB|-e 
[014] 01 3(i»g<xe$rlftBJi-5fc*O»Tffi0T* 

[015] *&m<o?S3<Dmi&<nteteiz&znjigB!L^ 

y K(OEfe^HP»»--^v>T<O5pffi0i:frE0tSr^#rt 

[016] «63(E©|»JBt«^y K<0®!^fetc*5^5- 
10 X85rI5i0Ji--5fcfcOff®0-C-fe§„ 

[01 7] 01 6(c^<XS$rSiW-f-5?t*OffS0T* 

[018] 01 7^<X@S:lftWr5fc*^'Wfffi0 _ C' 
[019] 01 8tcigg<XSSrIft^-rSfc*©»r®0-C* 



[02 0] ^(DBSS^* hWIit-fcS. 

i -sir, 2 3-t*'>-/uk«, s-mr 

20 SH\ 8-T#WKHS, 8 a-TflWWJiOlB 1 ©« 
*h 8 b-T«WK«»«3*2»»», 8c-T«WK«Ji 
3 cDg|5#, io-»^;k H-I6WI. ii 
a -mi<V&1M&. llb-S2©» 1 2.-IE& 
^S'T'Ji. 1.3-±«WS«Ji, 17-*— /<— =»— b 



[011 



[02] 



1 2 8a 3 



(a) 
7 



(b) 



8a 6 i 


7 5 6 4 3? 
















[03] 
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